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PREFACE  TO  THE  SECOND  EDITION. 


In  prei>aring  this  edition,  I  have  done  my  utmost  to  correct 
inaccuracies  and  remove  obscurities.  The  changes  rendered 
necessary  by  recent  research  have  also  been  made. 

Some  parts  have  been  rewritten ;  notably  the  chapters  on  the 
Central  Nervous  System,  to  which  additional  illustrations  have 
been  added. 

The  general  arrangement  remains  the  same  as  that  of  the 
First  Edition. 

I  am  again  deeply  indebted  to  my  friend,  Mr.  E.  F.  Herroun, 
for  much  valuable  assistance. 

King's  College,  London. 


PREFACE  TO  THE  FIRST  EDITION. 


The  present  volume  has  been  written  at  the  desire  on  the  part 
of  the  Publishers  that  a  new  elementary  treatise  on  Physiology 
should  be  added  to  the  series  of  admirable  students*  manuals 
which  they  had  previously  issued. 

In  carrying  this  desire  into  execution,  I  have  endeavored  to 
avoid  theories  which  have  not  borne  the  test  of  time,  and  such 
details  of  methods  as  are  unnecessary  for  junior  students.  I  do 
not  give  any  history  of  how  our  knowledge  has  grown  to  its 
present  standpoint :  nor  do  I  mention  the  names  of  the  authori- 
ties upon  whose  writings  my  statements  depend.  I  have  also 
omitted  the  mention  of  exceptional  points,  because  I  find  that 
exceptions  are  more  easily  remembered  than  the  main  facts  from 
which  they  differ;  and,  since  we  must  often  be  content  with  the 
retention  of  the  one  or  the  other,  I  have  tried  to  insure  that  it 
shall  be  the  more  important. 

While  endeavoring  to  save  the  student  from  doubtful  and 
erroneous  doctrines,  I  have  taken  great  care  not  to  omit  any 
important  facts  that  are  necessary  to  his  acquirement  of  as  clear 
an  idea  as  possible  of  the  principles  of  Physiology. 

I  have  not  hesitated  to  lay  unwonted  stress  upon  those  points 
which  many  years*  practical  experience  as  a  teacher  and  an  ex- 
aminer has  shown  me  are  difficult  to  grasp  and  are  commonly 
misunderstood ;  and  I  have  treated  such  subjects  as  are  useful  in 
the  practice  of  medicine  and  surgery  more  fully  than  those  which 
are  essential  only  to  abstract  physiological  knowledge. 
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As  medical  students  are  generally  obliged  to  commence  the 
study  of  Physiology  without  any  anatomical  knowledge,  I  believe 
it  to  be  absolutely  necessary  that  their  first  physiological  book 
should  contain  some  account  of  the  structure  and  relationships 
of  the  organs  the  functions  of  which  they  are  about  to  study. 
I  have,  therefore,  added  a  short  account  of  the  construction  of 
the  various  parts  discussed  in  each  chapter ;  it  has,  however,  been 
found  necessary  to  curtail  this  anatomical  portion  to  a  mere 
introductory  sketch.  Numerous  illustrations,  with  full  descrip- 
tions attached  to  each,  are  introduced  to  supplement  the  explana- 
tion given  in  the  text. 

So  far  as  is  consistent  with  an  accurate  treatment  of  the  sub- 
ject, I  have  avoided  technical  terms  and  scientific  modes  of 
expression.  I  know  that  in  attempting  to  explain  physiological 
truths  in  every-day  language  and  in  a  plain,  common -sense  way, 
I  run  the  risk  of  appearing  to  lack  the  precision  that  such  a 
subject  demands ;  but  after  mature  consideration  I  have  come 
to  the  conclusion  that  great  scientific  nicety  and  a  scholastic 
style  of  expression  have  a  deterrent  effect  upon  the  beginner's 
industry ;  and  I  think  it  is  better  that  he  should  acquire  the  first 
principles  of  the  science  in  hqpiely  language,  than  pick  up  tech- 
nical odds  and  ends  in  learned  terms  the  meaning  of  which  he 
does  not  comprehend. 

As  many  words  strange  to  the  first  year's  student  have  to  be 
used,  and  must  be  learned,  it  has  been  thought  advisable  to  add 
a  short  glossary,  containing  an  explanation  of  the  most  ordinary 
physiological  exi)ressions. 

Great  difficulty  is  always  found  in  fixing  upon  a  starting  point 
at  which  to  begin  the  study  of  Physiology.  To  begin  with  the 
circulation  of  the  blood,  which  is  so  essential  for  the  life  of 
every  tissue,  one  should   have  some   knowledge  of  nerve  and 
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muscle.  To  begin  with  ner\''es  and  muscles,  the  mechanisms  and 
the  uses  of  the  blood  current  should  be  understood ;  and  so  on, 
throughout  the  various  systems,  which  are  so  inter-dependent 
that,  for  the  thorough  comprehension  of  any  one,  a  knowledge 
of  all  is  required. 

I  have,  therefore,  adopted  the  time-honored  plan  of  commenc- 
ing with  the  vegetative  systems  and  following  the  course  of  the 
aliments  to  their  destination  and  final  application,  as  I  believe 
this  arrangement  is  open  to  as  few  objections  as  any  other  known 
to  me. 

I  wish  here  to  express  my  most  cordial  thanks  to  many  friends 
who  have  aided  me  with  kind  assistance  and  advice.  I  am  deep- 
ly indebted  to  Mr.  Tyrrell  Brooks  for  the  great  help  he  afforded 

me  by  compiling  the  chapters  on  Development ;    and    I  feel  I 

■ 

cannot  sufficiently  thank  Mr.  E.  F.  Herroun  for  his  untiring  and 
valuable  assistance  in  the  revision  of  the  proof  sheets. 

To  Mr.  G.  Hanlon  I  am  indebted  for  the  cai^eful  and  skillful 
manner  in  which  he  has  executed  the  new  wood-cuts,  most  of 
which  he  had  to  copy  from  rough  drawings. 

King's  College,  London. 
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CHAPTER  I. 

THE  OBJECTS  OF  PHYSIOLOGY. 

Biology,  the  science  which  deals  with  living  beings,  may  be 
divided  into  two  branches,  viz. : — 

1.  Morphology,  which  treats  of  the  form  and  structure  of 
living  creatures ;  and, 

2.  Physiology,  which  attempts  to  explain  the  modes  of  activity 
exhibited  by  them  during  their  lifetime,  and  may  therefore  be 
defined  as  the  science  which  investigates  the  phenomena  presented 
by  the  textures  and  organs  of  healthy  living  beings ;  or,  in  short, 
the  study  of  the  actions  of  organisms  in  contradistinction  to  that 
of  their  shape  and  structure. 

The  organic  or  living  world  is  naturally  divided  into  the  Animal 
and  Vegetable  kingdoms.  We  have,  therefore,  both  animal  and 
vegetable  morphology  and  physiology.  In  studying  the  vegetable 
kingdom,  the  form  and  structure  as  well  as  the  activity  of  plants 
are  associated  together  to  form  the  subject  known  as  Botany.  •  The 
physiology  of  plants  need  not,  therefore,  be  considered  here ; 
though,  indeed,  a  knowledge  of  it  proves  useful  in  considering 
many  of  the  processes  belonging  to  animal  life.  On  the  other 
hand,  the  morphology  and  the  physiology  of  animals  are  com- 
monly taught  separately,  and  in  the  medical  curriculum  are 
made  distinct  subjects. 

Morphology  includes  the  external  form,  the  general  construc- 
tion or  anatomy  of  organisms,  and  the  minute  structure  of  their 
textures  as  revealed  by  the  microscope.  The  latter  branch  of 
3  25 
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Study,  under  the  name  Histology,  has  now  developed  into  a  very 
extensive  subject,  which  is  inseparable  from  either  physiology  or 
anatomy.  In  this  country  histology  is  commonly  taught  in  the 
medical  schools  with  physiology,  because  the  time  of  the  teachers 
of  morphology  is  occupied  in  expounding  the  nomenclature  of 
descriptive  anatomy,  while  the  microscope  is  in  every-day  use  in 
the  physiological  laboratory.  Moreover,  an  adequate  knowledge 
of  microscopic  methods,  and  of  the  various  form  elements  of  the 
different  textures  of  the  body,  is  one  of  the  first  essentials  for 
ph)^iological  study. 

As  the  different  actions  of  the  body  are  performed  by  different 
tissues,  which  in  the  higher  animals  are  grouped  together  as  dis- 
tinct organs,  a  general  idea  of  the  position  and  construction  of 
these  different  parts  of  the  body  must  be  acquired  before  the 
study  of  physiology  can  be  commenced.  Anatomy  and  general 
morphology  are  the  frameworks  upon  which  physiological  knowl- 
edge is  built  up.  Some  knowledge  of  these  subjects  must  there- 
fore precede  the  study  of  physiology,  in  order  that  the  student 
may  be  in  a  position  to  grasp  even  the  simplest  facts  connected 
with  any  physiological  question. 

We  shall  soon  find  that  the  assistance  of  other  sciences  is 
also  indispensable  to  physiology.  Thus  every  action  of  a  living 
texture  or  tissue  is  accompanied  by  some  chemical  change,  the 
chemical  process,  in  fact,  being  the  common  essential  part  of  the 
phenomena  of  life.  The  student  of  physiology  must,  then,  know 
something  of  the  science  of  chemistry ;  indeed,  the  mode  of  action 
of  chemical  elements  forms  quite  as  important  a  groundwork  for 
the  study  of  the  activity  of  the  living  tissues  as  their  general  form 
or  minute  structure. 

Further,  the  laws  which  govern  the  motions  of  inanimate 
bodies  also  control  the  actions  of  living  tissues,  for  we  cannot 
claim  to  understand  or  recognize  the  existence  of  any  laws  affect- 
ing living  organisms  other  than  those  known  to  be  applicable  to 
dead  matter.  There  are  a  great  number  of  activities  shown  by 
living  textures  which  we  cannot  explain  by  the  recognized  laws 
of  chemistry  or  physics.  We  therefore  use,  for  convenience*  sake, 
the  term  "vital  phenomena,"  to  indicate  processes  which  are 
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beyond  our  present  chemical  and  physical  knowledge.  In  using 
this  term  we  must  not  think  it  implies  a  separate  set  of  natural 
laws  belonging  to  life.  We  cannot  discover  or  formulate  any 
special  laws  affecting  living  beings  only,  and  therefore  we  must 
not  assume  that  any  such  exist.  We  must  rather  endeavor  to  ex- 
plain all  the  so-called  "vital  phenomena"  by  means  of  the  laws 
known  to  chemists  and  physicists.  By  this  means  we  shall  cer- 
tainly get  a  closer  insight  into  the  processes  of  life,  and  if  there 
be  laws  governing  the  living  beings  we  may  learn  to  know  them. 
This  method  of  working  has  already  given  good  results,  for 
within  comparatively  recent  times  many  of  the  processes  which 
were  regarded  as  specially  vital  in  character  have  been  shown  to 
be  within  the  power  of  the  experimenter  and  to  depend  on  piu-ely 
physico-chemical  processes. 

It  is  therefore  necessary  for  the  physiologist,  before  he  attempts 
to  explain  the  activities  of  any  organism,  to  be  familiar  not  only 
with  the  structure  of  its  body,  but  also  with  the  various  laws 
which  chemists  and  physicists  teach  us  control  the  operations  of 
inanimate  matter. 

The  sciences  of  chemistry  and  physics  may,  in  fact,  be  re- 
garded as  the  physiology  of  inorganic  matter,  just  as,  when 
chemistry  and  physics  are  applied  to  the  elucidations  of  the 
functions  of  living  creatures  by  the  biologist,  the  study  is  called 
physiology.  When  we  consider  how  far  from  thoroughly  grasp- 
ing and  interpreting  all  the  phenomena  presented  by  the  various 
kinds  and  conditions  of  matter  the  chemist  and  the  physicist 
still  are,  we  cannot  be  surprised  that  those  who  attempt  to  explain 
the  actions  of  living  beings  find  many  processes  that  they  are 
unable  to  comprehend.  So  that  when  physiologists  make  use  of 
the  convenient  term  **  vital  phenomena,"  it  must  be  remembered 
that  they  do  not  thereby  imply  the  existence  of  a  special  living 
force  or  any  kind  of  energy  peculiar  to  living  creatures. 

The  ultimate  object  of  physiology  is  not  yet  within  the  reach 
of  our  modern  methods  of  research.  To  explain  the  mode  of 
activity  of  living  beings,  and  grasp  the  exact  relation  borne  by 
their  living  phenomena  to  the  laws  which  govern  them,  is  a  task  of 
enormous  difficulty.     Indeed,  the  manifestations  of  certain  ener 
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gies  in  living  organisms  are  so  complicated  that  it  is  often,  if  not 
generally,  impossible  to  say  exactly  how  they  are  brought  about, 
and  we  are  therefore  obliged,  for  the  present  at  least,  to  be  satisfied 
with  the  mere  recognition  and  description  of  the  phenomena. 

Since  the  human  organism  is  the  special  study  of  students  of 
medicine,  the  contents  of  this  volume  should  properly  be  restricted 
to  the  physiology  of  man.  But  human  physiology  cannot  be 
studied  alone ;  because  in  man  we  cannot  watch  sufficiently 
closely,  or  question  fully,  by  experiment,  the  phenomena  of  life. 
Further,  no  sharp  line  of  separation  can  be  drawn  between  the 
actions  of  the  various  organs  of  man  and  those  of  the  lower  ani- 
mals. The  consideration  of  the  physiology  of  those  animals 
which  are  akin  to  man  must  therefore  go  hand  in  hand  with  the 
study  of  the  ph3^iology  of  man  himself.  Much  light  has  been 
thrown  on  the  actions  of  the  complex  textures  of  the  highest 
animals,  by  the  observation  of  the  activities  of  the  lowest  organ- 
isms, where  the  manifestations  of  life  may  be  carefully  watched 
with  the  microscope  in  the  living  animal  under  its  normal 
conditions. 

GENERAL  CHARACTERS  OF  ORGANISMS. 

The  term  organism,  which  is  commonly  used  as  having  the 
same  meaning  as  Hvtng  being,  owes  its  derivation  to  the  com- 
plexity of  structure  common  among  the  higher  forms  of  life, 
which  are  made  up  of  several  distinct  organs.  This  organic 
construction  does  not  hold  good  as  a  distinguishing  mark  between 
living  beings  and  inanimate  matter,  because  we  are  acquainted 
with  a  vast  number  of  living  organisms,  both  plants  and  animals, 
which  are  not  made  up  of  organs,  but  are  composed  of  a  minute 
piece  of  a  soft,  jelly-like  material,  which  is  simply  granular 
throughout,  and  devoid  of  structural  differentiation  during  the 
life  of  the  creature. 

We  may  classify  the  general  characters  of  living  beings  as 
follows : — 

1.  Structural  and  physical  properties. 

2.  Chemical  composition. 

3.  Activities  during  life  (vital  phenomena). 
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1.  Structural  Characters  of  Organisms. — The  minute 
structure  of  living  beings  as  shown  by  the  microscope  no  doubt 
helps  to  distinguish  the  textures  of  organisms  from  inorganic 
structures.  Ahhough  organic  textures  are  found  to  differ  very 
widely  in  their  characters,  they  are  all  related  in  one  respect, 
namely,  that  at  the  earliest  period  of  their  existence  they  consist 
of  a  minute  mass  of  a  substance  called  Protoplasm^  known  as  a 
celL  In  plants  a  cellular  structure  remains  obvious  in  all  parts  of 
the  adult,  no  matter  how  much  the  texture  may  be  modified  by 
adaptation  to  the  requirements  of  any  given  duty  or  function.  If 
we  examine  with  the  microscope  the  leaves,  bark,  wood,  or  pith 
of  a  plant,  in  all  of  them  a  cellular  structure  can  be  recognized. 
In  the  less  developed  members  of  the  animal  kingdom,  and 
during  the  initial  stages  in  the  existence  of  the  highest  animals, 
the  textures  are  composed  exclusively  of  aggregations  of  living 
cell  elements.  We  shall  shortly  see  that  in  the  more  fully  de- 
veloped condition  of  the  higher  animals,  the  cells  become  vari- 
ously modified  in  form  and  function,  and  the  protoplasm  manu- 
factures  various  structures  adapted  to  the  performance  of  the 
diverse  functions  of  the  different  parts.  In  all  organic  textures 
which  can  be  said  to  be  living,  cells  are  dispersed  in  greater  or 
less  number,  and  regulate  their  nutrition  and  repair. 

2.  Chemical  Composition. — ^There  are  no  characters  in  the 
chemical  composition  of  the  textures  of  organic  beings  which  can 
be  said  to  be  absolutely  distinctive  or  to  separate  them  from  in- 
organic matter.  No  doubt  their  chemical  construction  frequently 
exhibits  certain  peculiarities,  not  seen  in  dead  matter,  which  may 
be  taken  as  characteristic,  but  living  textures  only  differ  in  the 
general  plan  of  arrangement  and  composition  from  that  most 
conmionly  met  with  in  the  construction  of  inorganic  materials. 

In  the  first  place,  the  great  majority  of  the  chemical  elements 
which  we  know  of,  take  no  share  in  the  formation  of  living 
creatures,  and  are  never  found  to  enter  into  their  composition. 
Practically,  only  fifteen  of  some  seventy  elements  known  to  chem- 
ists take  part  in  making  up  the  tissues  of  animals.  The  majority 
of  these  are  only  present  in  very  small  quantity  and  with  no 
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great  constancy.  On  the  other  hand,  there  are  four  elements, 
namely,  carbon,  oo:ygen,  hydrogen  and  nitrogen,  which  are  found 
with  such  great  regularity,  and  in  so  great  quantity,  that  they 
may  be  said  to  make  up  the  great  bulk  (97  per  cent.)  of  the 
animal  frame.  The  great  constancy  with  which  the  first  three 
of  these  elements  occur  must  be  regarded  as  a  most  important 
character  of  organic  tissues. 

Secondly,  in  organic  substances  the  chemical  elements  are  asso- 
ciated in  much  more  complex  and  irregular  proportions.  Gen- 
erally, a  large  number  of  atoms,  of  each  element,  are  grouped 
together  to  form  the  molecule,  and  often  the  compound  is  so  com- 
plex that  its  chemical  formula  remains  a  matter  of  doubt.  As 
an  example  of  the  complexity  of  bodies  found  in  organic  analysis, 
a  remarkable  substance,  called  lecithin,  which  appears  in  the 
analysis  of  protoplasm  and  many  tissues,  may  be  mentioned. 
Its  formula  may  be  expressed  thus : — 


C.H, 


CigHj^Oj 


OH. 


It  is  peculiar  in  containing  nitrogen  and  phosphoms,  and  in  con- 
struction is  said  to  be  like  a  fat. 

In  inorganic  substances,  on  the  other  hand,  the  elements  are 
found  to  be  combined,  as  a  general  rule,  in  simple  and  regular 
proportions.  The  molecules  are  made  up  of  but  few  elements 
arranged  in  a  definite  manner  and  firmly  bound  together,  so 
that  they  are  not  prone  to  undergo  decomposition.  As  an 
example,  we  may  take  water,  which  has  the  well-known  formula, 

HjO. 

Though  these  bodies  may  be  taken  as  types  of  organic  and 
inorganic  substances  respectively,  it  must  not  be  imagined  that 
all  organic  bodies  are  as  complex,  irregular  and  unstable  as 
lecithin,  or  that  inorganic  compounds,  as  a  rule,  are  invariably 
simple  and  stable  like  water. 

It  is  further  remarkable  that  Carbon — an  element  which  is 
exceptional  in  forming  but  few  associations  in  the  mineral  world, 
where  it  chiefly  combines  with  oxygen  to  form  CO, — is  almost 
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invariably  present  in  living  textures,  in  which  it  is  combined 
with  hydrogen  and  nitrogen  as  well  as  oxygen  in  various  propor- 
tions. The  constancy  of  carbon  as  an  ingredient  of  organic 
bodies  is  so  great  that  what  formerly  was  called  organic  chemis- 
try is  now  often  called  the  chemistry  of  the  carbon  compounds. 

These  complex  associations  of  many  atoms  of  carbon  with 
many  atoms  of  other  elements,  are  readily  dissociated  when  ex- 
posed to  the  air  under  even  slightly  disturbing  influences.  When 
heated  to  a  certain  degree  they  burn,  /.  e, ,  unite  rapidly  with  the 
oxygen  of  the  air:  and  in  the  presence  of  minute  organisms 
they  putrefy.  Thus  instability  is  a  general  feature  commonly 
met  with  in  most  substances  of  organic  origin. 

Chemical  instability  reaches  the  highest  pitch  in  tissues  which 
are  actually  alive  and  engaged  in  vital  processes.  So  long  as 
any  texture  lives,  i,  e.y  is  capable  of  performing  its  functions,  it 
must  constantly  undergo  certain  chemical  changes,  a  kind  of 
decomposition,  tending  to  produce  disintegration,  and  a  reinte- 
gration by  means  of  new  chemical  associations  with  fresh  mate- 
rials. A  tissue  may  then  be  said  to  deserve  the  term  living,  only 
as  long  as  it  undergoes  these  antagonistic  chemical  changes.  The 
tendency  to  destructive  oxidation  or  disintegration  is  intimately 
connected  with  the  functional  activity  of  the  living  texture  and 
increases  with  this  activity.  The  reintegration  or  constructive 
process  requires  the  presence  of  suitable  materials  with  which  the 
texture  may  combine,  in  order  to  make  up  for  the  loss.  Thus 
living  tissues  are  ever  on  the  point  of  destruction,  which  can 
only  be  warded  off  by  the  timely  reconstruction  of  their  chemi- 
cal ingredients  by  suitable  fresh  materials.  This  reconstruction 
by  means  of  fresh  matter  from  without  is  called  assimilation^  and 
forms  the  most,  if  not  the  only,  satisfactory  criterion  by  which 
adequately  to  distinguish  living  beings  from  inorganic  matters. 

The  object  of  assimilation  is  to  supply  suitable  fresh  materials 
to  the  various  textures  for  the  chemical  processes  required  for 
their  function  while  living.  This  will  be  found  to  form  a  great 
part  of  physiological  study.  Further,  the  energy  manifested  in 
the  living  activity  of  the  textures  depends  upon  the  various  oxid- 
izing processes,  and  the  exact  laws  which  govern  these  combus- 
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tions,  and  the  results  they  produce  in  the  various  tissues,  practi- 
cally make  up  the  other  part  of  physiology. 

3.  Vital  Phenomena. — ^The  so<called  vital  phenomena 
which  take  place  in  the  textures  of  organisms  are,  for  the  most 
part,  performed  by  the  agency  of  the  living  cell  elements,  in 
which  we  can  recognize  independent  manifestations  of  life,  such 
as  the  response  to  stimuli,  motion,  nutrition,  growth,  etc.  The 
living  activity  of  organisms  requires  for  its  perfect  development 
certain  external  conditions,  namely,  a  certain  degree  of  warmth 
and  moisture.  Without  a  certain  degree  of  warmth  and  moisture 
the  chemical  interchanges  just  mentioned  cannot  go  on,  and  the 
organism  is  either  destroyed  or  remains  in  a  state  of  inactivity. 

The  nutrition  of  the  animal  body  which  is  accomplished  by 
means  of  the  processes  of  assimilation  already  mentioned  enables 
it  to  grow,  and,  up  to  a  certain  point,  increase  in  size,  and 
further  undergo  many  changes  in  form  and  texture.  There  is, 
however,  a  limit  to  this  assimilative  power:  nutritive  activity 
diminishes,  growth  gradually  stops,  and  after  a  time  decay  appears 
and  is  followed  by  death. 

Thus  organisms  exist  only  for  a  limited  period  of  time,  during 
which  their  size,  form  and  functional  activity  are  constantly 
undergoing  some  general  alteration  dependent  on  or  concurrent 
with  the  incessant  changes  in  their  molecular  construction. 

This  cycle  of  changes  through  which  organisms  pass  we  speak 
of  as  their  lifetime.  During  this  lifetime,  at  the  period  when 
their  functional  activity  is  at  its  height,  they  possess  the  remark- 
able faculty  of  producing  individuals  like  themselves. 

This  is  accomplished  by  setting  apart  a  cell  which,  under 
favorable  circumstances,  assumes  special  powers  of  growth,  in- 
creases in  size  by  the  rapid  formation  of  new  cells,  and  develops 
into  an  independent  living  unit.  In  time  it  arrives  at  maturity, 
and  becomes  like  its  parent,  and  then  passes  through  the  same 
cycle — by  its  power  of  assimilation  it  grows  to  maturity,  repro- 
duces its  like,  decays  and  dies. 
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GENERAL  VIEW  OF  THE  STRUCTURAL  CHARACTERS 
OF  ANIMAL  ORGANISMS. 

The  parts  played  by  Cells  in  the  functions  of  living  beings  are 
so  many  and  so  important  that  it  is  necessary  at  the  very  outset 
to  consider  the  properties  of  the  fici. 

individual   elements   somewhat   in  s      II 

detail. 

The  demonstration  of  the  cel- 
lular structure  of  plants  was  first 
nnade  in  1832  by  a  distinguished 
German  botanist  named  Schlieden, 
■who  considered  the  cells  to  be 
characteristic  of  plant  tissue.  A 
few  years  later  Schwann  showed 
that  the  animal  tissues,  though  not  „ 

50  obviously,  were  also  made  up  of 
cells,  and  that  they  owed  their 
beginning  and  development  to  the 
activity  of  cell  elements.  Thus 
originated  the  "cellular  theory," 
which,  with  some  modifications,  is 
now  the  basis  of  all  physiological 
inquiry. 

The  first  idea  which  was  conveyed 
by  the  term  cell  varied  much  from 
that  which  we  now  accept  as  a 
proper  definition  of  such  an  organic  ^*^* '™°  >!»«>"  <>f « 1 

*^     *^  *■  I.  Showing  youngat 

unit.  wall.  (W),  filled  wilh 

Fully  developed  vegetable  cells    iiudt-j. 
being  the  first  discovered  were  taken     ncuoiu  und  ceii  up  ( 
as  the  type  of  all.     The  main  char-  ^'pium*and  i»cKu«'i 
acteristics  of  these  may  be  briefly    SSH")!"' "  ''"  *" 
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summed  up.  First,  a  membranous  sac  called  the  cell  wall,  gen- 
erally very  well  defined,  and,  secondly,  within  the  cell  wall  vari- 
ous cell  contents.  Among  the  more  conspicuous  of  the  latter  may 
be  mentioned  (i)  a  soft,  clear,  jelly-like  substance  called  pro- 
toplasm, in  which  lies  a  nucleus,  and  (2)  certain  cavities  called 
vacuoles,  which  are  filled  with  a  clear  fluid  or  cell  sap. 

Further  investigation  of  the  life  history  of  cells,  particularly 
in  the  early  stages  of  their  development,  showed  that  the  cell  wall, 
which  played  so  important  a  part  in  the  original  conception  of  a 
cell,  was  not  always  present,  but  was  formed  by  the  protoplasm 
in'a  later  stage  of  growth.  The  cell  sap  and  other  matters  were 
found  to  occur  less  commonly,  and  appeared  still  later  than  the 
cell  wall  in  the  lifetime  of  the  vegetable  cell     hence  it  was  con- 


cluded that  they  were  the  outcome  of  changes  due  to  the  activity 
of  the  protoplasm,  and  that  this  latter  was  the  only  essential  and 
formative  part  of  the  cell. 

Subsequently,  from  the  facts  that  some  vegetable  cells  in  the 
youngest  and  most  active  stage  of  their  growth  have  no  limiting 
wall,  and  that  most  animal  cells  have  none  during  any  part  of 
their  life,  it  was  proposed  to  define  a  cell  as  a  mass  of  protoplasm 
containing  a  nucleus.  But  further  research  showed  that  the 
nucleus  was  not  always  present.  In  many  cryptogamic  plants 
no  nucleus  can  be  found,  and  in  some  animal  cells,  which  must 
be  regarded  as  independent  individuals  (Protamteba),  there  is  no 
nucleus  at  any  part  of  their  lifetime.  This  would  lead  us  to 
suppose  that  a  mass  of  protoplasm  capable  of  manifesting  all  the 
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phtnamena  of  life  would  be  a  sufficient  definition.  Though  this 
is  probably  correct  in  a  few  cases,  the  vast  majority  of  cells  do 
contain  nuclei.  As  it  is  difficult  to  divest  our  minds  of  the  con- 
nection between  the  two,  it  has  been  proposed  to  give  the  name 
cytode  to  the  non-nucleated  forms,  which  certainly  are  very 
exceptional,  reserving  the  term  celHox  the  common  nucleated  unit. 
Each  part  of  the  cell  may  now  be  considered  in  the  order  of  its 
importance,  viz.,  protoplasm,  nucleus,  cell  wall,  and  cell  contents. 

1.  Protoplasm  is  commonly  seen  to  be  a  colorless,  pale, 
milky,  semi-translucent  substance,  more  or  less  altered  in 
appearance  by  various  foreign  matters  lying  in  it.  These  latter 
also  give  it  a  granular  appearance,  and  when  dead  it  commonly 
exhibits  a  linear  marking  or  fine  network.  During  life  its  con- 
sistence is  nearly  fluid,  varying  with  the  circumstances  in  which 
it  is  placed,  from  that  of  a  gum  solution  to  a  soft  jelly.  When 
living  immolested  in  its  normal  medium  it  seems  to  flow  into 
various  shapes,  but  this  is  a  living  action  which  does  not  prove 
it  to  be  diffluent,  for  any  attempt  to  investigate  it  by  experiment 
causes  a  change  in  its  consistence  approaching  to  rigidity. 

As  the  full  comprehension  of  the  function  of  this  substance 
lies  at  the  root  of  the  greater  part  of  Physiology,  the  reader  is 
referred  for  a  detailed  account  of  its  properties  to  Chapter  iii,  on 
Vital  Phenomena,  where  it  will  be  discussed  at  greater  length. 

2.  The  Nucleus. — ^The  majority  of  independent  masses  of 
protoplasm,  and  all  highly  organized  cells,  contain  one  or  more 
nuclei  in  their  substance.  The  nucleus  is  sharply  marked  off" 
from  the  protoplasm,  and  is  supposed  to  be  surrounded  by  a  spe- 
cial limiting  membrane.  Its  presence  can  generally  be  made 
much  more  conspicuous  by  treating  the  cell  with  certain  chemical 
reagents,  notably  dilute  acids  and  various  dyes.  The  nucleus  is 
able  to  resist  the  action  of  dilute  acetic  acid  better  than  the 
remainder  of  the  cell,  so  that  it  stands  out  clearly,  when  the  rest 
becomes  transparent.  Many  staining  agents,  such  as  magenta 
(one  of  the  aniline  dyes),  color  the  nucleus  more  quickly  and 
deeply  than  the  protoplasm.  Although  it  is  accredited  with*  spe- 
cial independent  movements  that  occur  under  certain  circum- 
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Stances^  compared  with  the  protoplasm  it  is  not  very  contractile. 
It  appears  to  be  intimately  associated  with  the  vital  phenomena 
of  the  cell,  and  may  be  said  to  control  or  initiate  its  most 
important  activity,  namely,  its  division.  In  the  nuclear  matrix y 
which  is  clear  and  homogeneous,  may  often  be  seen  an  irregular 
network,  one  point  of  which  stands  out  more  clearly,  and  is  called 
the  nucleolus.  Remarkable  changes  in  the  arrangement  of  this 
network  are  seen  in  some  cells  to  precede  the  division  of  the 
protaplasm.     This  is  called  karyokinesis. 

•3.  The  Cell  Wall. — It  has  already  been  stated  that  the  most 
active  cells,  such  as  are  found  in  the  earliest  stages  in  the  life  of 
an  organism  (embryonic  cells),  have  no  inclosing  membrane  or 
cell  wall.  But  in  the  more  advanced  stages  of  cell  life  we  find 
this  second  form  of  protoplasmic  differentiation  to  be  common 
enough.  In  animal  cells  the  limiting  membrane  has  never  the 
same  importance  as  the  cell  wall  in  vegetable  tissues,  where  some 
of  the  principal  textures  may  be  traced  to  a  direct  modification 
of  the  cell  wall,  still  recognizable  as  such.  Whenever  such  a 
limiting  membrane  exists,  it  is  formed  by  the  outer  layers  of 
protoplasm  undergoing  changes  so  as  to  become  of  greater  con- 
sistence. In  the  animal  tissues  the  cells  form  various  structures, 
which  are  not  limiting  membranes  or  cell  walls,  but  rather  give 
the  idea  of  lying  between  the  cells.  Hence,  in  one  large  group 
of  tissues,  they  have  been  called  intercellular  substanccy  while 
in  others  they  appear  as  materials  specially  modified  for  the 
furtherance  of  the  functions  of  the  special  tissues. 

4.  Cell  Contents. — Regarding  protoplasm  as  the  essential 
living  part  of  the  cell,  under  this  heading  will  come  only  those 
extraneous  matters  which  are  the  outcome  of  protoplasmic 
activity. 

The  cell  contents  which  are  present  with  such  constancy  and 
in  such  variety  in  vegetable  cells,  form  in  them  an  all-important 
part ;  but  in  most  animal  cells  the  contents  do  not  occupy  such 
a  striking  position. 

No  doubt  animal  protoplasm  is  quite  as  capable  as  that  of 
vegetables  of  making  out  of  its  own  substance,  or  the  nutriment 
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supplied  to  it,  a  great  variety  of  materiab,  but  these  are  seldom 
stored  in  such  large  quantities  in  animal  cells  as  in  those  of 

In   the  cells  of  some  kinds  of  '°'^' 

animal  textures,  [oxticularly  that 
called  Connective  Tissue,  we  com- 
monly find  large  quantities  of  fat 
formed  and  accumulated  to  such 
a  degree  in  the  cell  that  the  proto- 
plasm can  be  no  longer  recognized 
as  such.  Its  remnant  is  devoted  lo 
forming   a  limiting  membrane  for 

the  fatty  contents,  so  that  the  cell  Cell  rrom  coniKctive  liuue  conuiping 
IS  converted  into  an  oil  v^icle,  and  pnnopium  (/).  and  duckui  (n)  (m), 
here  what  may  be  termed  the  con-  """  ""'  ■"'"■■' 
tents  become  the  most  important  part  of  the  cell.  In  various 
glandular  cells,  as  will  be  seen  hereafter,  diderent  substances  are 
made  and  stored  up  temporarily  in  the  protoplasm.  These  may 
be  seen  as  bright  refracting  granules,  which  are  subsequently 
discharged  in  the  secretion  of  the  gland. 

In  other  cells  (liver)  nutrient  material  allied  to  starch  may 
be  deposited  in  considerable  quantity,  just  as  starch  is  stored  in 
certain  cells  of  plants,  but  owing  to  the  greater  arid  more  con- 
stant activity  of  animals,  the  amount  laid  by  never  attains  any- 
thing like  that  found  in  the  store  textures  of  vegetables,  where 
the  result  of  an  entire  summer's  active  work  is  put  by  as  a  pro- 
vision for  the  next  winter  and  the  fresh  burst  of  energy  which 
follows  it  in  the  spring. 

But  while  the  above  are  all  more  or  less  temporary  contents 
of  cells,  we  have  an  example  of  a  permanent  deposit  in  them, 
viz.,  pigment;  this  substance  is  formed  by  the  protoplasm  in 
various  parts,  and  has  a  special  physiological  use.  Thus  in  the 
tissue  behind  the  retina — or  nerve  layer  of  the  eyeball — the 
cells  are  filled  with  granules  of  a  pigmented  substance,  which 
absorbs  the  light  falling  upon  it,  and  thus  prevents  the  reflec- 
tions which  would  interfere  with  the  clearness  of  sight. 

It  also  occurs  in  the  skin  of  the  negro  and  other  races,  and  in 
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that  of  the  frog  and  other  animals,  but  in  these  its  function  is 
not  fully  known. 

Varieties  of  Cells. — Great  varieties  of  cells  are  found  in  the 
various  mature  tissues  of  the  higher  animals,  all  of  which  have 
passed  through  the  stage  of  being  a  simple  nucleated  mass  of 
protoplasm  in  the  earlier  periods  of  their  development.  All 
cells  may  then  be  divided  into  two  chief  types,  the  indifferent 
and  the  differentiated. 

Under  the  category  of  indifferent  cells  may  be  placed  all  such 
as  retain  the  characters  of  the  first  embryonic  cells,  and  have 
not  acquired  any  special  structure  or  property  by  which  they 
can  be  distinguished  from  the  simplest  form.  Such  cells  are  the 
only  ones  in  the  early  stages  of  the  embryo.  In  the  adult 
tissues  they  also  occur,  having  various  duties  to  perform.     They 

Fig.  5. 


Transvene  section  of  Blastoderm,  showing  the  elements  In  the  earlier  stage  of  the  develop* 

ment.    A,  epiblast ;  B,  mesoblast ;  C,  hypoblast. 

are  found  in  the  blood  and  lymph,  and  scattered  throughout  the 
tissues.  They  are  without  a  cell  wall,  and  have  no  special  con- 
tents to  mark  their  function. 

Among  the  differentiated  cells  we  find  many  special  characters, 
adapting  them  to  certain  special  duties,  for  all  these  cells  are 
modified  from  the  original  type  and  applied  to  the  performance 
of  some  special  function. 

Space  prevents  even  a  short  enumeration  of  the  varieties  of 
cells  met  with  in  the  tissues  of  plants,  where  they  not  only  carry 
on  the  active  functions  of  the  organism,  but  also  form  the  sup- 
porting structures. 

The  differentiation  of  a  cell  is  accomplished  by  its  protoplasm, 
which  forms  new  structural  parts,  and  itself  sometimes  seems  to 
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diminish  in  quantity  until  an  element  is  produced  in  which  there 
may  be  no  protoplasm  recognizable. 

We  find,  then,  matured  and  differentiated  cells  which  vary — 

1.  In  shape,  being  spherical,  flattened,  fusiform,  stellate,  etc. 

2.  In  size. 

3.  In  their  mode  of  connection. 

Cells  may  also  be  classified  according  to  their  function,  e,g.^ 
Glandular,  Nervous,  etc.,  and  the  greater  portion  of  the  follow- 
ing pages  will  be  devoted  to  the  functions  of  these  various  forms 
of  cells. 

So  long  as  a  cell  remains  in  its  indifferent  stage  it  possesses 
the  properties  of  ordinary  protoplasm  only ;  but  by  its  further 
development  it  acquires  special  properties  not  common  to  all 
protoplasm.  These  properties  may  or  may  not  be  accompanied 
by  structural  change.  Thus  the  protoplasm  of  a  gland  cell  differs 
in  little  from  that  of  any  other  cell  except  in  the  capabilities  of 
its  nutritive  changes  and  its  chemical  products ;  while  on  the 
other  hand,  those  epithelial  cells  which  form  the  outer  layer  of 
the  skin  lose  their  protoplasmic  characters  and  are  completely 
modified  in  structure. 

TISSUE  DIFFERENTIATION. 

The  first  stage  in  the  existence  of  any  organism,  from  the 
simplest  form  of  plant  to  man,  consists  of  a  single  cell  (in  ani- 
mals called  the  ovum  or  t%g)y  which 
differs  in  no  essential  points  of  struc-  '  * 

ture  from  an  ordinary  cell. 

There  is  moreover  a  class  of 
organisms  in  which  the  individuals 
never  go  beyond  this  stage,  but 
pass  their  entire  lifetime  in  the  state 

of    a   simple    unicellular    organism.      Unicellular  organwm.    SnuU  amoeba. 

The    individuals    composing    this 

group  {Protista)^  though  insignificant  in  point  of  size,  may  vie 
with  the  higher  plants  and  animals  in  number,  species,  and  vari- 
ety of  form,  so  that  they  might  well  be  placed  in  a  kingdom  by 
themselves  (as  has  been  proposed),  apart  from  the  vegetable  and 
animal  kingdoms. 
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The  group  of  these  organisms  which  most  resembles  animals, 
is  called  Frolozoa,  and  is  divided  from  other  animal  fonns  by  the 


manner  of  development  of  the  ovum  of  the  latter,  which  divides 
into  cells  that  subsequently  become  differentiated  into  tissue. 
This  group  is  called  the  Metasoa. 

In  the  Protozoa  the  ovum  never  divides,  the  animal  always 
remaining  a  single  cell.  On  the  contrary,  the  ovum  of  the 
Metazoa  changes  its  characters  during  its  development.  At  liist 
possessing  a  stage  common  to  both  divisions,  viz.,  a  single  cell, 
it  soon  passes  th'rough  rapid  stages  of  cell  proliferation,  and  is 
converted  into  a  multiple  mass,  the  mulberry  stage  or  Morula. 

The  cells  forming  this  Mon^a  stage  approach  the  periphery  of 
the  mass,  where  they  arrange  themselves  in  two  layers,  and  form 
a  cavity  in  the  centre.  This  is  known  as  the  Gastrula  stage. 
Following,  then,  this  cell  multiplication,  we  find  a  qualitative 
differentiation  of  the  cells,  by  which  certain  groups  of  cells  assume 
special  peculiarities,  fitting  them  for  some  specific  duty. 

Thus  we  arrive   at   the   production    of  special    textures  and 
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organs  such  as  are  met  with  in  the  higher  animals,  and  which 
are  necessary  for  the  efficient  discharge  of  the  various  functions 
carried  on  during  their  lives.  The  division  of  the  original  mass 
of  indifferent  cells  into  two  layeis  of  special  cells  is  the  first  step 
toward  tissue  ditTerentiation,  and  in  some  ^^^ 

animals  is  the  only  one  arrived  at  in  their  ^ 

life  history,  throughout  which  they  re- 
main a  simple  sac  made  up  of  an  external 
layw,  Ectoderm,  and  an  internal  layer, 
Endoiierm. 

The  groups  of  cells  forming  the  outer 
and  inner  layers  of  this  stage  of  develop- 
ment, not  only  form  the  primitive  tissues, 
but  also  represent  the  first  appearance  of 
organs  or  parts  with  a  specific  function. 

The  external  or  ectodermic  layer  is  the  i>i,gn,m  jhowing  ihc  lini  i\s- 
supporting,  protecting,  motor  and  respi-  i^"''iU^K™]'and'KmS 
ratory  organ,  while  the  inner  or  endo-  l^'i,i?,V7('^'^.^™TM 
dermic  layer  is  devoted  to  a  primitive  ™1«)<™' (Crr-*— 'f^) 
form  of  digestion,  preparing  the  food  for  assimilation,  and  gen- 
erally presiding  over  the  nutrition  of  the  body. 

Although  this  sac -like  (Gastrula)  stage  is  supposed  to  have 
formed  a  step  in  the  life  history  of  nearly  all  animals,  yet  it 
forms  a  less  striking  part  in  the  development  of  the  individuals 
as  we  ascend  the  scale,  and  in  the  higher  animals  no  such  stage 
has  been  recognized.  In  the  Vertebrates,  the  germ  cells  derived 
from  the  ovum  are  from  an  early  period  divided  into  three 
distinct  layers,  as  those  which  correspond  to  the  Ectoderm  and 
Endodeim'  of  the  lower  organisms  form  between  them  a  third 
layer  or  Mesoblast. 

From  these  germinal  layers  all  the  organs  and  tissues  of  the 
body  are  subsequently  evolved.  In  embryological  language  the 
three  primitive  layers  arc  called  Bpi-,  Mesa-,  and  Hypo-blast. 

Thus  it  can  be  seen  that,  as  we  can  compare  the  primitive  uni- 
cellular state  of  the  lowest  animals  with  the  first  egg-cell  stage  of 
existence  of  the  highest  animals,  so  we  can  compare  all  the  steps 
of  tissue  and  organ  differentiation  as  we  trace  them  in  the  embryo 
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of  a  mammal,  with  the  steps  of  elaboration  in  organic  and  tex- 
turat  parts  that  we  find  in  ascending  the  scale  of  animal  life. 

The  history,  then,  of  the  development  of  any  mammal  from  a 
single  cell  or  egg  to  the  complex  adult  individual,  is  analogous 
with  the  more  protracted  history  of  the  evolution  of  the  animal 
kingdom  from  the  Protista  upward. 

It  is  impossible  to  separate  the  differentiation  of  tissues  and 
organs,  or  to  say  which  is  of  older  date  in  the  history  of  aninoal 
evolution.  Even  in  unicellular  animals,  where  we  have  no  trace 
of  tissue  difference  (Paramsecium,  Vorticella),  there  being  only 
one  cell,  we  have  a  distinct  foreshadowing  of  organ  and  fiinc- 
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tional  differentiation  {vide  Chapter  iii).  And  in  creatures  made 
of  many  parts,  the  same  celb  have  several  duties  to  perform. 
But  when  an  aggregation  of  specialized  cell  units  exists,  it  may 
be  said  to  be  a  tissue.  If  these  cells  have  no  very  special  char- 
acteristic, then  the  tissue  may  be  called  primitive  or  embryonic. 
But,  as  has  just  been  stated,  the  aggregation  of  embryonic  cells — 
in  the  higher  fonns  of  life — have  special  characters  from  the 
very  first,  which  mark  them  off  from  one  another  as  destined  for 
different  functions. 

The  middle  germ  layer  (mesoblast)  is  derived  from  the  upper 
(cpiblast)  and  lower  (hypoblast),  the  relative  amount  contributed 
by  each  being  doubtful.     From  the  earliest  period  the  middle 
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layer  has  distinctive  characteristics,  and  ultimately  gives  rise  to  a 
set  of  tissues  which  can  always  be  distinguished  from  those  which 
originate  from  the  upper  and  lower  layers. 

From  the  inner  and  outer  germ  layers  are  formed  several  con- 
nective tissues,  which,  in  a  more  or  less  perfect  degree,  retain  the 
activity  of  the  original  protoplasm,  and  hence  may  be  called 
active  tissues.  From  the  middle  germinal  layer  is  developed  a 
set  of  textures,  in  the  majority  of  which  the  protoplasmic  ele- 
ments are  reduced  to  a  minimum,  and  are  therefore  grouped 
together  as  supporting  tissues. 

The  tissues  formed  in  the  adult  may  be  classified  into  four 
groups : — 

1.  Epithelial  Tissues,     The  primitive  surface  tissue  of  the 

epiblast  and  the  hypoblast,  which  are  variously  modi- 
fied for  several  distinct  functions. 

2.  Nerve  Tissues.     Springing  from  the  former,  are  modified 

for  receiving,  conducting,  controlling  and  distributing 
impressions. 

3.  Muscle i  OK.  Contractile  Tissues,     In  close  relation  to  both 

the  previous  and  the  next  groups. 

4.  Connective  Tissues  formed  only  from  the  middle  germ 

layer.  They  are  much  modified  in  different  parts,  so 
as  to  give  shape  to  the  body,  and  to  support  and  hold 
the  various  organs  and  parts  firmly  together.  They 
are,  in  fact,  the  materials  used  in  the  general  body 
architecture. 

Epithelial  Tissue,  although  the  oldest  kind  of  tissue  both 
in  the  animal  series  and  in  the  germinal  layers,  retains  the  em- 
bryonic character  of  being  entirely  composed  of  cells  placed  in 
close  relationship  on  the  interal  and  external  surfaces  of  the 
body.  The  individual  cells  retain  the  embryonic  character  in 
form  and  function,  being  soft,  rounded  masses  of  protoplasm, 
only  altered  in  shape  by  the  pressure  of  their  neighbors.  The 
cells  which  lie  next  the  nutrient  vessels  of  the  mesoblast  are 
endowed  with  energetic  powers  of  growth  and  reproduction. 
As  the  young  cells  are  produced  they  take  the  place  of  the  parent 
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cell,  whose  future  life  history  determines  the  special  characters 
of  the  different  kinds  of  tissues. 

Sometimes  the  cells  are  retained,  as  in  the  skin,  .and  are 
arranged  in  several  layers,  one  over  the  other.  As  the  cells  are 
conveyed  from  the  deeper  layer,  where  they  take  their  origin, 
toward  the  surface,  the  efforts  of  the  waning  nutritive  power  of 
the  protoplasm  are  devoted  to  the  manufacture  of  a  tough,  insol- 
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uble  substance.  TTie  cells  thus  gradually  lose  their  vital  activi- 
ties, and  are  converted  into  horny  scales,  which  form  the  external 
protecting  skin,  and  its  many  modifications  that  give  rise  to 
the  different  dermal  appendages,  such  as  hair,  feathers,  etc. 
Instead  of  a  horny  substance,  the  protoplasm  may  manufacture 
fat  in  the  bodies  of  the  cells,  as  seen  in  the  mammary  and  the 
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sebaceous  glands  of  the  skin.  In  other  cases  the  reproductive 
activity  of  the  cell  is  in  abeyance,  and  its  nutritive  energy  is 
devoted  to  the  manufacture  of  a  material  which  is  poured  out  of 
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the  cell  at  certain  periods.     Thus  we  have  another  function  per- 
formed by  the  epithelial  tissues,  namely,  that  of  manufacturing 
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certain  materials  which,  being  collected  by  suitable  channels, 
appear  as  secretions. 
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The  active  elements  of  glandular  tissue  are  epithelial  celk 
whose  nutrition  leads  to  the  formation  of  specific  chemical  pro- 
ducts within  their  protoplasm.  These  products  pass  out  com- 
monly as  fluids,  and  form  various  substances  of  great  importance 
in  the  economy.  A  gland  is  simply  a  special  arrangement  of 
epithelial  cells  lining  the  sacs  or  tubes  into  which  the  secretion 
is  poured.  Some  tracts  are  covered  with  fine,  moving,  hair-like 
processes,  called  cilia,  which  give  rise  to  a  slight  motion  of  the 
fluids  in  contact  with  them. 

The  epithelium  in  various  places  is  thus  seen  to  be  modified  in 
different  ways,  so  as  to  make  it  suitable  for  the  special  ftmction 
of  the  part  in  which  it  is  placed. 

Other  differences  will  be  given  in  detail  with  the  description 
of  the  uses  of  the  many  mucous  surfaces.  The  most  interesting 
modifications  are  those  in  the  special  sense  organs,  where  the 
cells  are  in  immediate  connection  with  nerves,  and  aid  in  form- 
ing the  special  nerve  terminals.* 

Nerve  Tissue. — The  great  nervous  centres  are  formed  from 
the  cells  of  the  epibla.st,  which,  in  the  earliest  days  of  the  embryo, 
form  a  longitudinal  furrow,  which  sinks  into  the  cells  of  the 
mesoblast.  By  the  rapid  growth  of  the  latter  the  depressed 
part  is  cut  off  from  the  rest  of  the  epiblast,  and  forms  the  rudi- 
ment of  the  spinal  cord  and  brain.  In  looking  for  special  con- 
ducting tissue  in  animals  possessing  the  most  simple  stnicture, 
we  find  cells  which  would  seem  to  possess  certainly  a  twofold, 
and  possibly  a  threefold  function, — one  of  which  is  conduction. 
In  the  so-called  *'  neuro-muscular ''  cells  of  the  hydra,  processes 
are  described  as  passing  off  from  them,  and  uniting  beneath 
the  ectoderm  with  other  fibre-like  processes,  which  are  evidently 
contractile.  Here  we  find  for  the  first  time  a  portion  of  proto- 
plasm specially  devoted  to  acting  as  a  conductor  of  impulses,  and 
attached  by  the  one  end  to  a  contractile  fibre,  and  by  the  other 
to  a  surface  (sensory)  cell.  The  intimate  relation  between  the 
development  of  nerve  and  muscle  fibres  is  thus  established,  and 

*  A  further  account  of  the  Histology  of  these  tissues  will  be  found  in  the  chapters  specially 
devoted  to  these  subjects. 
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we  have  the  first  indication  of  a  nerve  mechanism,  viz.,  a  cell 
capable  of  receiving  stimulations,  and  a  fibre  capable  of  trans- 
mitting the  resulting  impulses.     As  further  differentiation  pro- 
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ceeds,  each  of  these  parts  becomes  more  distinct  from  the  other, 
and  ultimately  the  adult  nerve  tissue  is  found  to  be  made  up  of 
nerve  fibres,  and  special  cells,  forming  nerve  endings. 


H.  PeriphcTsI  orEu  uid  effe. 


The  fibres  act  as  lines  of  communication  between  ganglion 
cells:  they  connect  together  the  numerous  cells  in  the  various 
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parts  of  the  brain  and  spinal  cord,  or  pass  between  those  of 
the  central  nervous  organs  and  ganglia  distributed  throughout 
the  body,  which  might  be  called  the  peripheral  nerve  organs. 

The  simplest  idea,  then,  of  a  special  nerve  apparatus  is  a  fibre 
connecting  two  cells.  The  peripheral  cell  may  be  a  receiving 
organ  (Fig.  17,  s),  from  which,  when  stimulated,  impulses  are 
transmitted  along  the  fibre  to  the  central  nerve  cell,  where  they 
give  rise  to  certain  impressions,  and  so  we  have  a  sensory  nerve 
apparatus.  Or  the  central  nerve  cell  may  be  the  receiving 
agent,  getting  stimuli  from  its  central  neighbors,  and  transmitting 
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impulses  to  a  peripheral  nerve  terminal,  by  which  they  are 
handed  over  to  a  muscle  (m)  or  gland,  and  thus  we  have  a  simple 
motor  or  secretory  apparatus.  Where  the  effect  of  a  stimulus 
can  be  definitely  traced  from  one  nerve  cell  to  another,  and  from 
thence  by  a  second  fibre  to  a  third  cell,  the  impulse  is  said  to  bte 
reflected  by  the  second  cell  to  the  third.  And  there  we  have 
what  is  called  a  reflex  act. 

The  essential  part  of  a  nerve  fibre  is  a  kind  of  protoplasmic 
band,  in  which  the  finest  fibrilla  or  thread-like  marking  can  be 
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made  out  with  the  aid  of  reagents  and  a  pDweriut  microscope. 
This  is  called  the  axis  cylinder.  In  some  nerve  fibres  (mostly  in 
the  br^n  and  spinal  cord)  the  axis  cylinder  is  naked,  and  even 
a  single  fibril  may  so  pass  from  one  cell  to  another  in  the  brain 
matter.  In  other  parts  the  axis  cylinder  is  generally  covered  by 
a  thin  membrane,  called  "Cat  primitive  sheath,  or  with  a  soft,  oil- 
like substance,  called  ^c  medullary  sheath,  or,  as  is  commonly 
the  case  in  most  peripheral  nerves,  by  both.  The  primitive 
sheath  encloses  the  medullary  sheath,  which  surrounds  the  axis 
cylinder. 
These  fibres  are  made  of  peculiarly  modified  cells,  which  are, 
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however,  so  elongated  as  not  to  be  very  easily  recognized  as  such 
in  adult  tissue. 

The  nerve  or  ganglion  cells  vary  extremely  in  general  form  and 
size.  The  commonest  in  the  nerve  centres  are  large  bodies  with 
a  clear,  well-defined,  vesicular,  single  nucleus,  and  distinct  nucle- 
olus ;  they  have  two  or  more  processes,  which  are  connected  by 
nerve  fibres  to  other  cells,  and  to  the  axis  cylinder  of  nerves. 

The  peripheral  nerve  tells  are  generally  much  modified,  and 
often  small  compared  with  those  in  the  centres.  Besides  the  cells 
in  the  sporadic  ganglia,  which  are  large  rounded  corpuscles  with 
5 
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but  few  processes,  there  are  many  other  bodies  connected  with 
the  peripheral  nerves  which  cannot  be  called  ganglion  corpuscles. 
They  are  nevertheless  nerve  cells. 

Muscles  or  Contractile  Tissues. — When  changes  take 
place  in  protoplasm  adapting  it  specially  for  contraction,  it  is 
termed  muscle  tissue.  The  large  masses  of  this  tissue  attached 
to  the  skeleton  so  as  to  move  its  various  parts,  form  the  flesh  of 
the  higher  animals.  Muscle  tissue  is,  almost  invariably,  con- 
nected with  nerve  tissue,  and  acts  in  response  to  stimuli  commu- 
nicated from  the  nerves.  In  some  of  the  lower  animals,  the  two 
tissues  are  so  intimately  related  that  it  is  not  easy  to  distinguish 
them,  and  the  development  of  both  progresses  equally  as  we 
ascend  the  scale  of  animal  life.  They  are  nearly  related  in  their 
origin,  or  even  spring  from  the  same  primitive  tissue.  In  fact, 
as  has  already  been  mentioned  {vide  p.  46),  they  form  but  one 
stnicture  in  some  of  the  more  simple  and  less  differentiated  animals. 
The  neuro-muscular  tissue,  which  is  formed  from  the  outer  layer 
of  the  embryo,  is  the  forerunner  of  the  muscles  as  well  as  of  the 
nerves  of  the  embryo  of  the  higher  animals. 

In  the  higher  animals  and  man  muscle  tissue  consists  of  two 
distinct  kinds  of  textures,  known  as — 

(a)  Smooth,  or  non -striated  muscle. 

(Jf)  Striated  muscle. 

In  the  smooth  muscle  the  individual  elements  present  the 
characters  of  an  elongated  and  flattened  cell,  and  contain  a  single 
long  nucleus.  They  contract  very  slowly,  and  require  a  com- 
paratively long  time  for  the  nerve  influence  to  affect  them,  so 
that  an  obvious  interval  exists  between  the  moment  of  their 
stimulation  and  their  contraction.  They  are  found  in  the  inter- 
nal organs  and  in  situations  where  gradual  and  lasting  contrac- 
tions are  required.  They  receive  their  nervous  supply  generally 
from  the  sympathetic  system,  and  perform  their  duty  without  our 
being  conscious  of  their  activity  or  being  able  to  control  it  by 
our  will. 

Striated  muscle  tissue  is  made  up  of  cylindrical  fibres  of  such 
length  that  both  extremities  cannot  be  brought  into  the  field  of 
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ihe  microscope  at  the  same  time.  Their  exact  relation  to  cells  is 
not  so  easily  cnade  out  as  in  smooth  muscle,  and  doubtless  varies 
in  different  muscles.  Sometimes  the  fibres  are  made  up  of  single 
cells,  and  in  other  cases  they  are  formed  by  the  permanent  fusion 
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of  several  cell  elements  which  never  differentiate  into  separate 
elements,  owing  to  the  imperfect  division  of  the  cells,  but  make 
up  one  mass,  the  multiple  nuclei  of  which  alone  make  its  mode 
of  origin  apparent.  The  contractile  substance  is  made  up  of  two 
kinds  of  material,  one  of  which  refracts  light  singly,  while  the 
other  is  doubly  refracting.  These  are  ranged  alternately  across 
the  fibre,  making  the  transverse  markings  or  striae  from  which 
it  gets  its  name.  This  striated  material  is  quite  soft  and  is 
encased  in  a  thin  homogeneous  elastic  sheath  called  sarcoiemma, 
which  fits  closely  around  the  soft  contractile  substance. 

This  form  of  muscle  is  the  widest  departure  from  the  primitive 
protoplasmic  type,  being  specially  modified  so  as  to  perform 
strong  and  quick  contractions.  It  moves  with  wonderftil  rapidity, 
contracting  almost  the  instant  its  nerve  is  stimulated.  It  forms  the 
great  mass  of  the  quick-acting  skeletal  muscles,  being  attached  to 
the  bones  by  bands  composed  of  a  form  of  fibrous  tissue,  which 
form  the  tendons  and  fasciae.  Muscles  made  of  striated  tissue 
are  commonly  under  the  control  of  the  will,  and  hence  au-e 
frequently  spoken  of  as  voluntary  muscles,  but  this  term  is 
misleading,  for  many  striated  muscles  are  not  governed  by 
voluntary  control. 

The  Connective  Tissue  group,  coming  exclusively  from  the 
mesoblast,  exhibits  very  great  varieties  of  form.  Its  cells  differ 
much  from  the  epithelial  cells  both  in  their  character  and  their 
relations,  and  particularly  in  the  adult  tissues. 

Under  the  heading  Connective  Tissues  are  generally  classed 
all  those  which  support  the  frame  and  hold  together  the  various 
other  tissues  and  organs.     They  are — 

1.  Mucous  and  reti form  connective  tissues. 

2.  White  and  yellow  fibrous  tissue. 

3.  Cartilage. 

4.  Bone. 

5.  Endothelium. 

The  cells  of  all  these  tissues  have  the  property  of  manufactiir- 
ing  some  material  which  does  not  generally  enclose  them  as  a  cell 
wall,  but  remains  between  the  cells  and  forms  the  intercellular 
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substance.  The  younger  the  tissue  the  greater  is  the  proportion 
of  its  cellular  constituents,  and  the  older  the  tissue  the  greater 
will  be  found  the  preponderance  of  the  intercellular  subslance. 

Mucous  Tissue. — In  certain  parts  of  the  embryo  and  in 
some  of  the  lower  animals  a  kind  of  connective  tissue  is  found  in 
which  there  is  but  little  intercellular  substance,  the  mass  of  the 
tissue  being  thus  made  up  of  cells.  The  cellular  connective 
tissue  never  forms  an  important  texture  in  the  adult,  but  is  inter- 
esting as  the  probable  tissue  from  which  the  connective  tissues 
are  formed  in  the  embryo,  and  as  occurring  in  abnormal  growths 
or  tumors. 

The  first  step  in  its  differentiation  is  the  secretion  of  a  large 

Fig.  26. 


Portion  of  tendon  from  the  tail  of  a  young  rat,  stained  with  gold  chloride,  showing  arrange- 
ment of  flattened  cells  on  oundles  of  fibrils.    {A/i*r  Klein.) 

quantity  of  soft,  homogeneous,  semi -gelatinous  or  fluid  material 
like  the  mucus  secreted  by  epithelium.  In  this  the  cells  lie, 
either  free  or  united  by  long  protoplasmic  processes.  The  pro- 
cesses uniting  the  cells  may  not  be  present,  and  the  cells  may  be 
reduced  to  a  minimum,  as  occurs  in  the  vitreous  humor  of  the 
eye.  But  more  commonly  the  soft  gelatinous  substance  is 
reduced  in  amount,  and  the  processes  connecting  the  cells  are 
converted  into  a  dense  network  of  delicate  threads  to  form  the 
retiform  tissue  of  lymphoid  structures. 

• 

White  Fibrous  Tissue. — The  cells  of  the  last  described  va- 
riety may  become  differentiated  by  a  process  of  fibrillation.    The 
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growth  of  the  cells  leads  to  the  formation  of  a  fibrillated  sub- 
stance which  ultimately  forms  the  great  bulk  of  the  tissue,  while 
the  cells  become  gradually  and  proportionately  fewer  in  number. 
In  this  case  only  sufficient  of  the  mucous  substance  generally 
remains  to  cement  the  fibrils  together  into  bundles.  A  few  of 
the  cells,  however,  remain  between   the  bundles  of  fibrils  to 
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preside  over  the  nutrition  of  the  tissue.     Thus  is  formed  the 
non-elastic  or  white  fibrous  tissue  of  tendon. 

These  fibrils  of  white  fibrous  tissue  are  easily  affected  by 
chemical  reagents.  Weak  acids  cause  them  to  swell  up  and 
become  indistinct.  Baryta  water  affects  the  cement  and  renders 
them  easily  separable.  They  swell  and  dissolve  in  boiling  water, 
yielding  gelatine,  which  fonns  a  jelly  on  cooling. 
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Yellow  Elastic  Tissue. — In  some  parts  of  the  body  akind  of 
intercellular   substance 
^'^'^  is   formed,   which  dif- 

fers in   many  respects 
from  the  foregoing.    It 
is  highly  elastic,  does 
not  give   gelatine   on 
boiling,  and  is  not  af- 
fected  by  weak  acids 
or  alkalies.     In  bulk  it 
has  a  pale  yellow  color, 
and  is  spoken  bf  as  _j'c/- 
/ow  elastic  tissue.     It  is 
^^  sometimes  found  alone, 
■  fonning  an  elastic  band 
or  ligament,  but  more 
commonly  mingled  with  fibrillar  tissue  to  form  the  connecting 
medium  which  lies  under  the  skin  and  between  the  various  other 
textures. 
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Cartilage. — In  this  tissue  the  intercellular  substance  secreted 
by  the  cells  is  hard,  and  forms  in  the  earlier  stages  of  its  devel- 
opment cases  or  cell  walls  for  the  cells.     These  cases  subsequently 
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increase  in  thickness,  and  become  fused  together  into  a  homo- 
geneous intercellular  substance,  where  ultimately  the  areas  be- 
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longing  to  the  different  cells  can  no  longer  be  distinguished 
from  one  another,  so  that  in  the  adult  tissue  there  is  a  tough 
matrix  of  intercellular  substance,  in  which  the  cells  are  scattered, 
apparently  occupying  small  cavities.  These  cells  preside  over 
the  nutrition  of  the  tissue.  The  intercellular  substance,  which 
is  quite  homogeneous  in  common  hyaline  cartilage,  is  sometimes 
modified  so  as  to  resemble  fibrous  tissue,  sometimes  the  fibrillar, 
and  sometimes  the  elastic  form  being  produced.     (Figs.  31  and 

32.) 

Bone. — This  is  the  most  marked  differentiation  of  the  connec- 
tive tissue  group.  The  intercellular  substance  is  characterized 
by  containing  a  great  quantity  of  earthy  or  inorganic  matter 
(65  %),  which  gives  the  bone  its  enormous  strength.  The  cells 
of  the  tissue  are  enclosed  in  little  cavities  called  lacuna^  which 
are  related  by  minute  canaliculi  to  each  other.  The  intercel- 
lular  substance  is  everywhere  traversed  by  the  processes  of  the 
cells  lying  in  the  little  canals  which  connect  the  lacunae,  and 
thus  the  adequate  nutrition  of  the  tissue  is  secured.  Chemically, 
bone  tissue  consists  of  about — 

Parts, 

Calcium  phosphate, 53 

Calcium  carbonate, 11 

Magnesium  phosphate,  calcium  fluoride  and  soda  salts,  .    i 
Gelatin  yielding  animal  matter, 33 

In  the  formation  of  bone  from  fibrous  or  cartilaginous  tissue 
the  original  intercellular  substance  disappears,  and  a  set  of  cells 
with  new  formative  powers  come  upon  the  field  (Fig.  34).  These 
new  cells  (osteoblasts)  cover  the  growing  surface  of  the  bone 
and  secrete  and  lay  down  in  layers  a  new  kind  of  intercellular 
substance,  which  is  the  bone  matrix.  Here  and  there,  at  won- 
derfully regular  intervals,  an  osteoblast  ceases  to  secrete  the 
calcareous  intercellular  substance,  while  its  neighbors  continue 
formative  activity.  Consequently,  this  osteoblast,  or  as  it  may 
now  be  called  young  bone  cell,  becomes  surrounded  by  calcare- 
ous intercellular  substance,  and  is  j^ermanently  lodged  in  the 
bone  tissue. 

Endothelium. — Wherever  a  surface  occurs  in  the  connective 
tissues  it  is  generally  covered  by  a  single  layer  of  thin  cells  with 
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a  characteristic  outline,  which  can  only  be  made  visible  by  stain- 
ing the  intervening  cement  substance  with  silver  nitrate.  This 
tissue,  which  forms  the  immediate  lining  of  all  vessels  and  spaces 
developed  in  the  tissues  arising  from  the  mesoblast,  is  called 
endothelium^  in  contradistinction  to  the  epithelium  developed  from 
the  epi-  and  hypo-blast. 

The  Vascular  System  is  developed  in  the  mesoblast  with 
the  earliest  stages  of  the  connective  tissue.  The  blood  vessels, 
which  are  chiefly  made  up  of  connective  tissues,  soon  traverse  all 
parts  of  the  body,  and  distribute  the  nutrient  fluid  or  blood. 
The  blood  may  be  considered  as  an  outcome  of  the  connective 
tissues,  since  the  corpuscles  of  the  blood  are  at  first  formed  from 
the  cells  of  the  mesoblast,  and  later  from  the  connective  tissue 
corpuscles. 

An  arrangement  of  special  cells,  such  as  epithelial  or  muscle 
cells,  with  a  special  function,  constitutes  an  organ.  However, 
in  the  higher  animals  and  man  an  organ  is  almost  invariably  a 
complex  structure,  having  various  tissues  entering  into  its  con- 
struction. Thus  a  skeletal  muscle  is  made  up  of  a  quantity  of 
muscle  fibres  held  together  by  sheets  of  connective  tissue,  and 
attached  to  bones  by  connecting  bands.  It  is  further  traversed 
by  many  blood  vessels,  and  the  fibres  are  in  immediate  relation 
to  certain  nerves  which  terminate  in  them.  The  various  secret- 
ing organs  are  made  up  of  epithelial  cells,  held  together  by  con- 
nective tissue  in  close  relation  to  blood  vessels  and  nerves,  and 
are  so  arranged  that  they  pour  their  secretion  into  a  duct.  The 
bones,  which  are  the  organs  which  give  the  body  support,  con- 
tain, in  addition  to  the  bone  tissue  of  which  they  are  composed, 
a  great  quantity  of  indiflerent  cells,  fat  cells,  nerves  and  blood 
vessels.  They  are  covered  on  the  outside  with  a  tough  vascular 
coat,  which  gives  them  strength,  assists  their  nutritive  repair  and 
reproduction,  and  acts  as  a  point  of  attachment  for  the  muscles 
and  ligaments.  Where  the  bones  are  in  contact  at  the  joints, 
they  are  tipped  with  hyaline  cartilage. 

If,   then,   we  analyze  anatomically  the  architecture  of  the 
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human  body,  we  find  that  it  is  made  up  of  a  number  of  complex 
}>arts,  each  adapted  to  some  special  function,  and  composed  of 
an  association  of  simple  tissues  such  as  the  requirements  of  the 
special  part  demand. 

The  general  arrangements  of  these  organs  and  their  modes  of 
action  will  be  discussed  in  future  chapters. 
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CHAPTER  III. 
CHEMICAL  BASIS  OF  THE  BODY. 

It  seems  natural  to  commence  the  description  of  the  molecular 
changes  that  take  place  in  the  various  tissues  and  organs  of  the 
body  with  a  brief  account  of  the  chemical  composition  of  the 
most  characteristic  substances  found  in  animal  textures,  because 
none  of  the  processes  of  cell  life,  or  tissue  activity,  can  be  satis> 
factorily  studied  without  familiarity  with  the  more  common 
terms  occurring  in  physiological  chemistry. 

The  chapter  on  this  subject  here  introduced,  is  intended  rather 
to  give  the  medical  student  a  general  view  of  the  chemical  com- 
position and  characters  of  the  substances  most  frequently  met 
with  in  the  chemical  changes  specially  connected  with  animal 
life,  than  to  supply  a  complete  or  systematic  account  of  the  rela- 
tionships of  the  chemical  bases  of  the  body,  for  which  reference 
must  be  made  to  more  advanced  text-books,  or  treatises  on  the 
special  subject  of  physiological  chemistry.  This  review  must, 
for  the  sake  of  brevity,  be  inadequate  in  the  case  of  many  sub- 
stances, but  these  will  be  again  referred  to  when  speaking  of  the 
function  with  which  they  are  associated. 

It  has  already  been  stated  that  of  the  seventy  elements  known 
to  chemists,  a  comparatively  small  number  form  the  great  bulk 
of  the  animal  body,  although  traces  of  many  are  constantly 
present.  Thus,  we  shall  see  that  four  elements,  namely,  (i) 
oxygen,  (2)  carbon,  (3)  hydrogen,  (4)  nitrogen,  are  present  in 
large  proportions  in  every  tissue,  and  together  make  up  about 
97  per  cent,  of  the  body;  and  sulphur,  phosphorus,  chlorine, 
fluorine,  silicon,  potassium,  sodium,  magnesium,  calcium,  iron, 
and  in  certain  animals  copper,  are  indisj^ensable  to  the  economy, 
and  are  widely  distributed,  but  are  found  in  comparatively  minute 
quantities.  Occasionally  traces  of  zinc,  lead,  lithium,  and  other 
minerals  may  be  detected,  but  these  must  be  regarded  rather  as 
accidental  than  indispensable  ingredients. 
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The  attempt  to  investigate  the  composition  of  a  living  tissue 
by  chemical  analysis^  must  cause  its  death,  and  thus  alter  the 
arrangements  of  its  constituents,  so  that  its  true  molecular  con- 
stitution during  life  cannot  be  determined. 

We  know  that  the  composition  of  all  living  textures  is 
extremely  complicated,  having  a  great  number  of  components, 
most  of  which  contain  many  chemical  elements  associated 
together  in  very  complex  proportions. 

But  as  has  already  been  pointed  out,  the  complexity  of  their 
chemical  constitution  is  not  so  wonderful  as  the  fact,  which 
indeed  sounds  paradoxical,  that  in  order  to  preserve  their  elabo- 
rate composition,  they  must  constantly  undergo  a  change  or 
renewal,  which  is  necessary  for,  and  forms  the  one  essential  char- 
acteristic of,  their  life.  In  fact,  their  complexity  and  instability 
is  such,  that  they  require  constant  reconstruction  to  make  up  for 
the  changes  inseparable  from  their  functional  activity. 

Their  chemical  constituents  are  easily  permanently  dissociated, 
and  the  various  components  are  themselves  readily  decomposed, 
generally  uniting  with  oxygen  to  form  more  stable  compounds. 

The  investigation  of  the  chemical  changes  known  as  assimila- 
tion forms  a  great  part  of  physiological  study,  and  therefore 
will  occupy  many  chapters  of  this  book.  Here  we  can  only  call 
attention  to  the  chief  characteristic  substances  to  be  found  in  the 
animal  body,  as  the  result  of  the  primary  dissociation  or  death 
of  the  textures,  and  briefly  enumerate  the  products  of  their  fur- 
ther decomposition  as  obtained  by  the  analysis  of  the  different 
substances. 

The  tissues  of  the  higher  animals  present  a  great  variety  of 
substances,  materially  differing  in  chemical  composition ;  they 
have  all  been  made  from  protoplasm,  and  contain  a  proportion 
of  some  substance  forming  a  leading  chemical  constituent  of 
protoplasm.  Every  living  tissue  contains  either  protoplasm  or 
a  derivative  of  it,  and  the  special  characters  of  each  tissue 
depend  upon  the  greater  development  of  some  one  of  these  sub- 
stances. 

It  is  of  little  use  'to  classify  the  numerous  chemical  constitu- 
ents found  in  the  animal  body  in  such  a  systematic  manner  as  to 
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satisfy  the  rules  of  modern  chemistry,  because  their  classification, 
from  a  strictly  chemical  point  of  view,  does  not  set  forth  their 
physiological  importance  or  express  adequately  the  relation  they 
bear  to  the  vital  phenomena  of  organisms. 

The  following  enumeration  of  the  chief  chemical  ingredients 
found  in  the  tissues  has  regard  to  their  ph)rsiological  dignity  as 
well  as  to  their  chemical  construction,  and  will  thus,  it  is  hoped, 
assist  the  student  to  distinguish  the  different  groups,  and  give 
him  a  better  idea  of  their  vital  relationships,  than  a  more  strictly- 
systematic  classification. 

(A)  NITROGENOUS. 

I.  Complex  bodies  forming   the  active    portion   of   many 

tissues — Plasmata,  e.  g,,  protoplasm,  blood  plasma. 
II.  Bodies  entering  into  the  formation  of  and  easily  obtained 
by  analysis   from    Group    I,    Albumins,   e.  g.,  serum 
albumin. 

III.  Bodies  the  outcome  of  differentiation,  manufactured  in 

the  tissues  by  Group  I,  Albuminoids,  ^.  g.,  gelatin, 
etc. 

IV.  Bodies  containing  nitrogen,  being  intermediate,  bye,  or 

effete  products  of  tissue  manufacture,  e.  g.,  lecithin, 
urea,  etc. 

(B)  NON-NITROGENOUS. 

V.  Carbohydrates  in  which  the  hydrogen  and  oxygen  exist 
in   the  proportion  found   in  water,  ^.  g,  starch  and 
sugar. 
VI.  Substances   containing  oxygen   in   less  proportions  than 

the  above,  e.  g. ,  fats. 
VII.  Salts. 
VIII.  Water. 

CLASS  A.— NITROGENOUS. 

GROUP  I.— PLASMATA. 

Under  this  group  may  be  placed  a  variety  of  substances  which 

must  be  acknowledged  to  exist  in  the  living  tissues  as  complex 

chemical  compounds,  of  whose  constitution  we  are  ignorant, 

since  it  is  altered  by  the  death  of  the  tissue. 
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There  are  some  exceedingly  unstable  associations  of  albumin- 
ous bodies  with  other  substances^  and  they  at  once  break  up  into 
their  more  stable  constituents,  albumins,  fats,  salts,  etc.,  when 
they  are  deprived  of  the  opportunities  of  chemical  interchange 
and  assimilation  which  are  necessary  for  their  life. 

Although  we  can  only  theorize  as  to  the  real  chemical  consti- 
tution of  such  substances,  we  must  believe  that  they  really  exist 
in  the  living  tissues  as  chemical  compounds,  and  as  chemical 
compounds  endowed  with  special  properties  which  impart  the 
specific  activity  of  their  textures,  whose  molecular  motions,  in 
fact,  are  the  essence  of  the  life  of  the  tissues. 

Protoplasm, — By  far  the  most  widely  spread  and  important  of 
these  is  the  soft,  jelly-like  substance.  Protoplasm.  This  is  the 
really  active  part  of  growing  textures  of  all  organisms,  whether 
animal  or  vegetable,  and  forms  the  entire  mass  of  those  inter- 
mediate forms  of  life,  the  protista,  now  generally  regarded  as 
the  original  fountain  head  of  life  on  the  globe. 

This  material  commonly  exists  in  small  independent  masses 
(cells),  in  which  we  can  watch  all  the  manifestations  of  life, 
assimilation,  growth,  motion,  etc.,  taking  place.  We  must 
assume  that  this  substance  is  a  definite  chemical  compound  ;  and, 
further,  since  the  living  phenomena  are  exhibited  only  so  long 
as  it  preserves  its  chemical  integrity,  we  may  conclude  that  its 
manifestations  of  life  depend  upon  the  sustentation  of  a  special 
chemical  equilibrium.  Not  only  is  this  equilibrium  destroyed 
by  any  attempt  to  ascertain  the  chemical  composition  of  proto- 
plasm by  analysis,  but  even  for  its  preservation  the  proto- 
plasm must  be  surrounded  by  those  circumstances  which  are 
known  to  be  necessary  for  life,  viz.,  moisture,  warmth,  and  suit- 
able nutritive  material,  or  its  destruction  must  be  warded  off  by 
a  degree  of  cold  that  checks  its  chemical  activity. 

If  the  chemical  integrity  of  protoplasm  be  destroyed  and  its 
death  produced,  many  new  substances  appear,  among  which 
are  representatives  of  each  of  the  great  chemical  groups  found 
in  the  animal  tissues.  Thus,  besides  water  and  inorganic  salts, 
we  find  in  protoplasm  carbohydrates  represented  by  glycogen, 
lecithin  and  other  fats,  and  several  albuminous  bodies,  which  will 
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be  described  in  the  groups  to  which  they  belong.  In  addition 
to  these,  protoplasm  often  contains  some  foreign  bodies  which 
have  come  from  without,  and  special  ingredients  of  its  own 
manufacture,  such  as  oil,  pigment,  starch  and  chlorophyll. 

Blood  Plasma. — There  is  in  living  blood  also  a  body  which 
must  be  included  in  this  group,  as  it  undoubtedly  has  a  much 
more  complex  constitution  than  any  of  the  individual  albumin- 
ous bodies,  presently  to  be  described,  which  can  be  obtained  from 
it.  This  is  proved  by  the  following  facts :  first,  its  death  is  ac- 
companied by  a  series  of  chemical  changes,  viz.,  disappearance 
of  free  oxygen,  diminution  of  alkalinity,  and  a  rise  in  tempera- 
ture, and  secondly,  certain  albuminous  bodies  appear  which  were 
not  present  in  the  living  plasma. 

The  spontaneous  decomposition  of  separated  blood  plasma  may 
be  delayed  by  cold  :  at  freezing  point  the  chemical  processes  are 
held  in  check.  During  life  the  exalted  constitution  of  the  plasma 
is  sustained  by  certain  chemical  interchanges  which  go  on 
between  it  and  its  surroundings.  This  question  will  be  more 
fully  discussed  when  the  coagulation  of  the  blood  is  described. 

Muscle  Plasma, — Likewise,  as  will  be  found  in  the  chapter  on 
Muscles,  there  exists  in  the  soft,  contractile  part  of  striated 
muscle  a  plasmas  which  at  its  death  spontaneously  breaks  up  into 
other  distinct  albuminous  bodies  and  forms  a  coagulum.  These 
changes  are  accompanied  by  acidity  of  reaction,  the  disappear- 
ance of  oxygen  and  an  elevation  of  temj^erature,  showing  that 
distinct  chemical  change  is  taking  place. 

Oxyhemoglobin y  the  coloring  matter  of  the  blood,  should  be 
included  here  among  the  important  chemical  bodies  more  com- 
plex than  the  albumins.  This  singular  body  can  be  broken  up 
into  a  globulin  and  a  coloring  matter,  hamatin,  containing  iron. 
It  differs  from  all  other  bodies  of  a  similarly  complex  nature 
from  the  fact  that  it  readily  crystallizes,  and  also  in  the  very 
remarkable  manner  in  which  it  combines  with  oxygen,  and  again 
yields  it  up. 

GROUP  II.— ALBUMINOUS  BODIES. 

It  is  difficult  to  say  how  far  these  bodies  exist  as  such  in  the 
living  organism,  but  they  can  be  obtained  from  nearly  all  parts. 
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particularly  those  which  contain  active  protoplasm,  and  after  its 
death  they  can  be  detected  in  abundance.  As  may  be  seen,  by 
testing  for  their  presence  in  living  protoplasm,  the  addition  of 
any  chemical  reagent  or  treatment  causes  its  death,  so  that, 
although  albumins  appear  in  the  test  tube,  this  cannot  be  accepted 
as  proof  that  they  would  have  answered  to  the  tests  before  the 
protoplasn  was  changed  by  its  death. 

They  do  not  occur  normally  in  any  secretion  except  those  sub- 
stances which  tend  to  nourish  the  adult  body,  and  to  form  and 
nourish  the  offspring,  viz.,  the  ovum,  semen  and  milk.  No 
satisfactory  formula  has  been  suggested  to  express  their  chemical 
composition,  but  the  average  percentage  of  the  elements  they 
contain  is  remarkably  alike  in  all  members  of  the  group.  This 
may  be  said  to  be  in  round  numbers  as  follows : — 

Oxygen, 22  per  cent. 

Hydrogen, 7        " 

Nitrogen, 16        " 

Carbon 53        " 

Sulphur, 2        " 

They  are  amorphous,  of  varying  solubility,  and,  with  one 
exception,  indiffusible  in  distilled  water. 

As  far  as  we  know  at  present,  albumins  cannot  be  constructed 
de  novo  in  the  animal  body,  but  must  be  supplied  in  one  form  or 
another  as  part  of  the  food.  Albumins  are  therefore  always  the 
outcome  of  the  activity  of  vegetable  life. 

They  can  be  recognized  by  the  following  tests : — 

1 .  Strong  nitric  acid  gives  a  pale  yellow  color  to  solutions  or 

solid  albumin,  especially  on  heating,  which  turns  to  deep 
orange  when  ammonia  is  added  {Xanthoproteic  test). 

2.  Millon's  Reagent  (acid  solution  of  proto-nitrate  of  mer- 

cury) gives  a  white  precipitate  which  soon  turns  yellow, 
changing  to  rosy-red  on  boiling,  or  standing  for  some 
days. 

3.  Solution  of  caustic  soda  and  a  drop  of  copper  sulphate 

solution  give  a  violet  color  to  the  liquid. 

4.  Acetic  acid  and  boiling  give  a  white  precipitate,  except 

with  derived  albumins  dJid  peptones. 
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5.  Acetic  acid  and  potassium  ferrocyanide  give  a  flocculent 

white  precipitate,  except  vfiih.  peptones, 

6.  Acetic  acid  and  equal  volumes  of  sodium  sulphate  solu- 

tion give  a  precipitate  on  boiling. 

7.  With  sugar  and  sulphuric  acid  they  become  violet. 

8.  Cr3rstals  of  picric  acid  added  to  solutions  dissolve  and 

cause  bead-like  local  coagulations,  except  with /<^/^«^j. 

CLASSIFICATION  OF  ALBUMINS. 

Under  the  head  of  the  albuminous  bodies  we  find  several  classes 
which  differ  from  each  other  in  slight  but  very  important  points. 
The  first  class  may  be  called — 

(a)  albumins  proper,  or  native  albumins. 

They  consist  of — 

1.  Egg  Albumin,  which  does  not  occur  in  the  ordinary  tissues 
of  the  animal,  can  be  procured  by  filtration  from  the  white  of 
an  egg.  It  makes  a  clear  or  slightly  opalescent  solution  in 
water,  from  which  it  is  precipitated  by  mercuric  chloride,  silver 
nitrate,  lead  acetate,  and  alcohol.  It  is  coagulated  by  heat, 
strong  nitric  and  hydrochloric  acids,  or  prolonged  exposure  to 
alcohol  or  ether. 

2.  Serum  Albumin,  on  the  other  hand,  is  one  of  the  chief  forms 
of  albumin  found  in  the  nutrient  fluids. 

It  differs  from  tgg  albumin  in — 

(a)  Not  coagulating  with  ether. 

(b)  The  precipitate  obtained  by  strong  hydrochloric  acid 

being  readily  redissolved  by  excess  of  the  acid. 
(/)  Coagulum  being  more  readily  soluble  in  nitric  acid. 
{d)  Its  specific  rotary  power  being  56**,  while  that  of  ^g^ 

albumin  is  35.5**. 
(/)  If  introduced  into  the  circulation,  it  is  not  eliminated 

with  urine,  as  is  tgg  albumin. 

(b)  globulins. 

Associated  with  the  last  during  the  life  of  the  tissues  we  find 
another  class  of  albumins,  namely,  the  globulins,  which  do  not 
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dissolve  in  pure  water,  but  are  more  or  less  soluble  in  a  solution 
of  common  salt.     These  may  be  divided  as  follows : — 

1.  Globulin  (crystallin)  occurs  in  many  tissues,  but  is  usually 
obtained  from  an  extract  of  the  crystalline  lens  made  by  tritu- 
rating it  with  fine  sand  in  a  weak  solution  of  common  salt,  and 
then  passing  a  current  of  carbon  dioxide  through  the  solution. 
The  globulin  falls,  being  easily  precipitable  from  its  saline  solu- 
tion by  very  weak  acid.  This  form  of  globulin  does  not  cause 
coagulation  when  added  to  serous  fluids,  and  in  this  respect 
differs  from  the  next  members  of  this  division. 

2.  Paraglobutin  {serum  globulin)  can  be  obtained  by  passing 
through  diluted  serum  a  brisk  stream  of  carbon  dioxide.  It  is 
also  precipitated  by  adding  sodic  chloride  to  saturation.  When 
a  fluid  containing  paraglobulin  is  added  to  a  serous  transudation, 
it  causes  coagulation  of  the  fluid,  giving  rise  to  fibrin. 

3.  Fibrinogen^  a,  viscous  precipitate  got  from  serous  fluids  or 
blood  plasma  in  the  same  way  as  the  last,  but  with  greater  dilu- 
tion and  more  prolonged  use  of  carbon  dioxide.  It  is  similar  in 
its  characters  to  the  last,  but  coagulates  at  a  lower  temperature 
(55°  C.)  (paraglobulin  coagulating  at  60*^-70°  C).  On  its  addi- 
tion to  defibrinated  blood,  or  a  fluid  containing  paraglobulin,  it 
forms  a  coagulum. 

4.  Myosin  is  obtained  from  dead  muscle,  being  the  soft,  jelly- 
like clot  formed  during  rigor  mortis  from  the  dying  muscle 
plasma.  It  is  not  so  soluble  as  globulin,  for  it  requires  a  stronger 
solution,  of  salt  (10  %)  to  dissolve  it,  and  is  precipitated  from  its 
saline  solution  by  solid  salt  or  by  dilution.  It  is  coagulated  at 
60^  C. 

5-  Vitelline  a  white  granular  proteid  obtained  from  the  yelk  of 
egg.  It  is  very  soluble  in  10  per  cent,  saline  solution,  from 
which  it  can  be  precipitated  by  extreme  dilution,  but  not  by 
saturation  with  salt.     It  coagulates  between  70®  and  80°  C. 

(C)    DERIVED   ALBUMINS    (ALBUMINATES). 

I.  Acid  Albumin  (jyntonin)  can  be  made  from  any  of  the  pre- 
ceding by  the  slow  action  of  a  weak  acid ;  or  by  adding  strong 
acetic  or  hydrochloric  acids  to  native  albumin,  such  as  exists  in 
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white  of  eggy  and  dissolving  the  jelly  thus  formed  in  water.  It  is 
only  soluble  in  weak  acids— exact  neutralization  precipitating  it. 
With  the  least  excess  of  alkali  the  precipitate  redissolves,  chang- 
ing into  alkali  albumin. 

If  it  be  dissolved  in  weak  acid  it  will  not  coagulate  on  boiling, 
but  it  coagulates  and  becomes  incapable  of  re-solution  if  heated 
while  precipitated  by  neutralization. 

2.  Alkali  Albumin, — Similar  to  the  last,  but  produced  by  the 
action  of  either  weak  alkalies  on  dilute  solutions,  or  strong  solu- 
tion of  potash  on  white  of  ^gg.  Its  general  behavior  is  the  same 
as  the  above,  but  if  prepared  by  strong  solution  of  potash  and 
allowed  to  stand  some  time  it  differs  in  composition,  being  de- 
prived of  its  sulphur.  It  can  then  be  distinguished  by  the 
absence  of  the  brown  coloration  which  appears  on  heating  acid 
albumin  with  caustic  potash  and  lead  acetate. 

3.  Casein  is  the  proteid  existing  in  milk,  and  resembles  alkali 
albumin  in  its  reactions.  It  can  be  precipitated  from  milk  by 
rennet y  or  acetic  acid  in  excess,  but  not  by  exact  neutralization, 
owing  to  the  presence  of  neutral  potassium  phosphate,  which  must 
be  converted  into  the  acid  salt  before  precipitation  begins. 

(d)  fibrin. 

A  solid  filamentous  body,  the  result  of  chemical  changes  accom- 
panying the  death  of  the  blood  plasma,  during  which  the  so- 
called  fibrin  generators  are  set  free.  It  swells  in  weak  hydro- 
chloric acid,  but  does  not  dissolve  while  cold.  If  heated  to  60° 
C.  in  acid,  it  changes  to  acid  albumin  and  dissolves.  By  10  per 
cent,  neutral  saline  solutions,  a  substance  like  a  globulin  may  be 
extracted  from  it.  If  heated,  it  assumes  the  characters  of  a 
coagulated  proteid. 

(e)  coagulated  albumin. 

If  any  of  the  above  be  heated  over  70°  C.  (except  acid  and 
alkali  albumin,  which  must  first  be  precipitated  by  neutraliza- 
tion), they  coagulate,  and  become  extremely  insoluble  and  lose 
their  former  characters.  They  are  but  very  slightly  acted  on  by 
weak  acids,  even  when  warmed.     Strong  acids  dissolve  them, 
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but  this  solution  is  associated  with  a  destructive  change.  They 
are,  however,  converted  by  the  digestive  ferments  and  juices  into 
peptones,  and  thus  dissolved. 

(f)  peptone. 

This  substance  is  formed  by  the  action  of  the  digestive  fer- 
ments from  any  of  the  above  albumins,  in  the  stomach  by  pepsin 
in  the  presence  of  dilute  acid,  and  in  the  small  intestines  by  tryp- 
sin in  the  presence  of  dilute  alkali.  This  change  renders  them 
more  soluble  and  diffusible,  and  thus  enables  them  to  pass  out  of 
the  alimentary  canal  into  the  .system,  and  makes  them  more 
suited  to  take  pwirt  in  the  nourishment  of  the  body. 

The  leading  characteristics  of  peptones  may  be  thus  enu- 
merated : — 

1.  Very  ready  solubility  in   hot   or  cold  water,  acids  or 

alkalies. 

2.  Not  coagulable  by  heat. 

3.  They  are  precipitated  by  alcohol  but  not  changed  to  the 

coagulated  form. 

4.  They  diffuse  more  readily  through  animal  membrane  than 

any  other  albumins. 

5.  They  are  not  precipitated  by  copper  sulphate,  ferric  chlo- 

ride, or  potassium  ferrocyanide  and  acetic  acid. 

6.  They  are  precipitated  by  iodine,  chlorine,  tannin,  mer- 

curic chloride,  and  the  nitrates  of  silver  and  mercury. 

7.  Caustic  potash  and  a  trace  of  copper  sulphate  added  to 

their  solutions  give  a  red  color  which  deepens  to  violet 

if  too  much  of  the  copper  salt  be  used. 

The  formation  of  peptones  is  a  gradual  process  having  many 

intermediate  steps,  in  the  earlier  stages  of  which  precipitates  are 

formed  by  potassium  ferrocyanide  and  acetic  acid.    (^Vide  Chaps. 

VIII  and  IX,  on  Chemi.stry  of  Digestion.) 

GROUP  III.— ALBUMINOIDS. 

These  are  the  outcome  of  nutritive  modification  of  protoplasm, 
and  may  be  said  to  be  directly  manufactured  by  that  substance, 
and  to  be  specially  adapted  to  meet  the  requirements  of  certain 
textures  differing  widely  in  function. 
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They  are  allied  to  one  another  and  to  the  last  group  by — (a) 
their  percentage  composition;*  (^)  containing  nitrogen;  (^) 
being  amorphous  colloids. 

They  differ  from  albuminous  bodies  in — (a)  their  solubility ; 
(^)  their  behavior  to  heat,  acids,  alkalies  and  the  digestive  fluids ; 
and  (c)  their  value  as  food  stuffs. 

1.  Mucin  is  the  characteristic  ingredient  of  the  mucus  manu- 
factured by  epithelial  cells,  and  is  also  found  in  connective  tissue 
(abundantly  in  that  of  the  foetus)  and  in  some  pathological 
growths.  It  gives  a  peculiar  thick  ropy  consistence  to  the  fluid 
containing  it,  enabling  it  to  be  drawn  into  threads.  It  is  precipi- 
tated by  mineral  acids,  alum  and  alcohol,  and  the  precipitate 
swells  in  water  and  is  redissolved  in  excess  of  the  acid.  With 
acetic  acid  a  precipitate  is  formed  which  does  not  redissolve  in 
excess  of  the  acid.  When  boiled  with  sulphuric  acid  it  yields 
leucin  and  tyrosin. 

2.  Chondrin  is  obtained  by  the  prolonged  boiling  in  water  of 
slices  of  cartilage  cleared  of  the  perichondrium.  On  cooling, 
this  solution  forms  a  jelly.  The  jelly  dissolves  easily  in  hot 
water  or  alkalies,  and  can  be  precipitated  by  acetic  or  weak 
mineral  acids,  alum  or  acetate  of  lead.  It  gives  only  leucin  on 
boiling  with  sulphuric  acid. 

3.  Gelatin  is  produced  by  boiling  fibrous  connective  tissues, 
such  as  ligaments,  tendons,  the  true  skin  and  bones  in  water.  On 
cooling,  the  fluid  forms  a  jelly,  which  can  be  dried  to  a  colorless 
brittle  body  which  swells  in  cold  water  and  dissolves  on  being 
heated.  It  is  not  precipitated  by  acetic  acid,  but  yields  precipi- 
tates with  mercuric  chloride  or  with  tannin,  as  seen  in  making 

*  The  following  Table  gives  the  composition  of  the  principal  albuminoids  and  albumin :— 
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leather.     On  boiling  with  sulphuric  acid  it  yields  glycin  and 
leucin  but  no  tyrosin. 

4.  Elastin  is  obtained  from  yellow  elastic  tissue  by  boiling 
with  caustic  alkalies.  It  is  little  affected  by  boiling  water,  strong 
acetic  acid,  or  weak  alkalies,  but  dissolves  in  concentrated  sul- 
phuric acid.  It  is  precipitated  by  tannin,  and  yields  leucin  when 
boiled  with  sulphuric  acid. 

5.  Keratin  exists  in  the  epidermic  appendages  (hair,  horn, 
nails,  etc.).  It  resembles  the  albuminous  bodies  in  containing  a 
considerable  quantity  of  sulphur,  but  differs  from  them  and  the 
other  albuminoids  in  general  properties.  It  is  soluble  in  alkalies, 
swells  in  strong  acetic  acid,  gives  the  xanthoproteic  reaction, 
and  is  insoluble  in  the  digestive  juices. 

GROUP  IV.— PRODUCTS  OF  TISSUE  CHANGE. 
INTERMEDIATE   OR    BYE   PRODUCTS.    ' 

These  are  protoplasmic  manufactures  destined  for  some  useful 
purpose,  but  they  do  not  long  exist  in  their  original  form ;  being 
often  broken  up  into  other  compounds,  they  are  reabsorbed,  or 
pass  away  with  the  faeces.  These  bodies  are  found  in  the  various 
secretions.  Most  of  them  can  be  better  described  with  the  func- 
tion of  the  gland  which  forms  the  secretion  in  which  they  occur. 

Attention  must  here  be  drawn  to  certain  complex  bodies  exist- 
ing in  the  bile.  Some  complex  nitrogenous  substances  and  the 
monatomic  alcohol,  cholesterin,  will  now  also  be  mentioned. 
But  the  reader  must  remember  that  chemically  they  are  not  con- 
nected with  the  other  bodies,  the  description  of  which  immedi- 
ately follows  theirs,  namely,  the  effete  products. 

Bile  Salts, — Two  acids  exist  in  the  bile  united  with  soda  to 
form  soluble  soap-like  salts.  They  may  be  recognized  by  the 
purple-violet  color  produced  by  cane  sugar  and  sulphuric  acid  at 
a  temperature  of  about  70°  C.  (Pettenkofer's  reaction). 

Taurocholic  Acidy  C^H^NSOj,  is  most  plentiful  in  the  bile  of 
carnivora,  where  it  occurs  combined  with  soda.  It  is  decomposed 
by  prolonged  boiling  with  water  into  taurin  and  cholic  acid, 
thus: — 

Taurocholic  Acid.  Taurin.  Cholic  Acid. 

C,,H,,NSO,  +  H,0  =  C,H,NSO,  +  C^^n^^O^, 
7 
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GlycochoHc  Acid,  QJA^/^O^,  found  in  the  bile  of  herbi vora  and 
man.  It  crystallizes  in  fine  white,  glistening  needles.  It  exists 
as  the  glycocholate  of  soda  in  the  bile.  By  boiling  with  weak 
acid,  it  yields  glycin  and  cholic  acid. 

GlycochoHc  Acid.  Glycin.  Cholic  Acid. 

In  the  bile  certain  matters  also  exist  to  which  the  color  is  due, 
the  principal  being  bilirubin  in  man  and  carnivora,  and  biliver- 
din  in  herbivora.  They  are  probably  derived  from  the  coloring 
matter  of  the  blood,  lliey  can  be  recognized  by  treating  the 
solution  with  nitric  acid  which  is  colored  with  red  fumes,  when  a 
play  of  colors  is  seen  passing  through  stages  of  green,  blue,  violet, 
red  and  yellow.   • 

Lecithin,  C44H90NPO9,  is  a  complex  nitrogenous  fat  found  in 
most  tissues  and  fluids  of  the  body,  particularly  in  the  nerve 
tissues  and  yelk  of  tgg.  It  is  an  interesting  product  of  decom- 
position of  the  constituents  of  the  brain,  and  is  related  in  con- 
stitution to  the  neutral  fats;  it  may  be  regarded  as  an  acid 
glycerine  ether.  It  is  easily  decomposed  when  heated  with 
baryta  water,  splitting  into  glycerin-phosphoric  acid,  neurin,  and 
barium  stearate. 

Another  body  called  Cerebrin,  not  containing  any  phosphorus 
and  of  doubtful  composition,  can  be  obtained  from  brain  sub- 
stance, and  is  also  found  in  nerve  fibres  and  pus  corpuscles.  It 
is  a  light  colorless  powder  which  swells  in  water. 

Protagon,  CuoHjogNsPOas,  is  by  some  supposed  to  be  the  chief 
constituent  of  brain  substance,  and  by  others  a  mixture  of  the 
last  two  bodies. 

Neurin  i^Cholin),  CjHijNOa,  is  an  oily  liquid  only  found  in  the 
body  as  a  product  of  the  decomposition  of  lecithin,  but  it  has 
been  obtained  synthetically. 

Cholesterin,  C^H^^O  -f-  H^O,  exists  throughout  the  body  where 
active  tissue  change  is  going  on,  particularly  the  nervous  centres. 
It  is  a  monatomic  alcohol,  and  is  the  only  one  existing  free  in 
the  body.  It  may  be  obtained  from  gall  stones,  some  of  which 
consist  entirely  of  cholesterin.  It  may  occasionally  be  found  in 
a  crystallized  form  in  many  of  the  fluids  of  the  body  but  never 
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in  the  tears  or  urine,  and  only  seems  to  be  an  effete  product, 
nearly  all  that  produced  in  the  body  being  discharged  with  the 
effete  portions  of  the  bile.  It  may  be  recognized  by  the  shape 
of  the  crystals  formed  from  a  solution  in  alcohol,  which  are 
rhombic  plates>  in  which  one  corner  is  generally  deficient. 

EFFETE   PRODUCTS. 

These,  as  has  been  stated  before,  are  generally  the  outcome  of 
the  active  chemical  changes  necessary  for  the  growth  and  vitality 
of  the  living  protoplasm,  and  are  for  the  most  part  soon  elimi- 
nated by  the  excretory  glands,  so  that  but  small  quantities  of 
them  can  be  found  in  the  active  tissues  where  they  are  produced. 

Ureay  CO(NH,)„  is  the  most  important  constituent  of  the 
urine  of  mammalia,  but  not  of  that  of  birds  or  reptiles.  Traces 
of  it  may  be  found  in  the  fluids  and  tissues  of  the  body.  It  is 
readily  soluble  in  water  and  alcohol,  and  forms  crystals  when  its 
solution  is  concentrated.  It  decomposes  when  treated  with  some 
strong  acids  or  alkalies,  taking  up  water  and  yielding  CO,  and 
NH,;  and  with  nitrous  acid  gives  CO,  +  N«  +  2(HjO).  It 
was  the  first  of  the  so-called  **  organic  "  compounds  to  be  made 
artificially,  being  obtained  by  Wohler  in  1828  by  mixing  watery 
solutions  of  potassium  cyanate  and  ammonium  sulphate,  evapo- 
rating to  dryness  and  extracting  with  alcohol,  or,  in  short,  by 
heating  ammonium  cyanate,  with  which  it  is  isomeric. 

Ammonium  Cyanate.  Urea. 

NH^.CNO      =      CO.NH2.NH,. 

It  can  now  be  produced  artificially  in  other  ways. 

It  has  also  been  considered  a  tnonamide  of  carbarfiic  acid 
(CO.OH.NHj),  a  molecule  of  hydroxyl  being  replaced  by  one 
of  amidogen,  NH^,  thus — CO.NHj.NHj.  In  the  presence  of 
septic  agencies,  in  a  watery  solution,  urea  takes  up  two  molecules 
of  water  and  is  converted  into  ammonium  carbonate — 

CO(NHj),  -f  2H,0  =  CO(ONH Jj. 

The  so-called  alkaline  fermentation  of  urine  depends  upon  this 
change.     The  reader  is  referred  to  the  Chapter  on  Excretions 
(xxri),  where  more  complete  information  is  given. 
Kreatin,  C^H^jO,,  occurs  in  muscle  and  many  other  textures. 
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It  may  be  converted  into  kreatinin  by  the  action  of  acids  by 
simple  dehydration.  It  can  also  be  split  up  into  sarcosin  and 
urea. 

Kreatinin^  C4HtN,0,  is  a  dehydrated  form  of  kreatin,  which  is 
a  normal  constituent  of  urine.  In  watery  solutions  it  is  slowly 
converted  into  kreatin. 

Allantoin^  CiH^NiOs,  found  in  the  allantoic  fluid  and  the 
urine  of  the  foetus  and  pregnant  women.  It  is  crystallizable, 
and  is  converted  into  urea  and  allantoic  acid  by  oxidation. 

Glycin  (^Glycocoll ox  Glycocine)y  C,H,(NH,)O.OH,  is  regarded 
as  amido-acetic  acid.  It  does  not  occur  free  in  the  body,  but 
enters  into  the  composition  of  the  bile  acids  and  hippuric  acid. 
It  is  soluble  in  water,  and  insoluble  in  cold  alcohol  and  in  ether. 

Leucin,  CeH,o(NH,)O.OH,  or  amido-caproic  acid,  is  found  in 
the  secretion  of  the  pancreas  and  some  other  glands.  It  is  one 
of  the  principal  products  of  the  decomposition  of  albuminous 
bodies,  from  which  it  can  be  obtained  by  boiling  with  sulphuric 
acid,  in  the  form  of  peculiar  rounded  crystals. 

Ty rosin,  CaHnNOj,  though  belonging  to  a  distinct  chemical 
series  (aromatic),  is  only  found  in  company  with  leucin  in  the 
decomposition  of  albuminous  bodies,  and  normally  in  the  pan- 
creatic secretion.  Its  constitution  is  said  to  give  warranty  for 
the  name  oxy-phenyl-amido-propionic  acid. 

Taurin,  CjHyNSO,,  is  a  constituent  of  one  of  the  bile  acids, 
and  is  also  found  in  muscle  juice.  It  may  be  regarded  as  amido- 
ethyl -sulphonic  acid. 

Uric  Add,  Cfi^S^^  (dibasic),  is  found  in  large  quantities  in 
the  excrement  of  birds  and  reptiles,  but  in  a  small  and  variable 
quantity  in  the  urine  of  man.  Traces  have  been  found  in  many 
tissues,  in  some  of  which  quantities  accumulate  as  the  result  of 
pathological  processes  (gout).  It  forms  salts  which  are  much 
less  soluble  in  cold  than  in  hot  water,  and  make  the  common 
sediment  in  urine.  The  acid  salts  are  less  soluble  than  the 
neutral.  The  common  test  for  uric  acid  consists  of  slowly 
evaporating  the  substance  to  dryness  with  a  little  nitric  acid, 
and  to  the  residue  adding  ammonia,  when  a  bright  purple  color 
is  produced  (murexide  test).     Uric  acid  is  supposed  to  be  a  step 
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in  the  production  of  urea,  which  is  one  of  the  results  of  its  oxida- 
tion in  the  presence  of  acids,  thus : — 

Uric  Acid.  Alloxan.  Urea. 

C^H^N^O,  +  H,0  +  O  =  C^HjN.O^  +  CO(NH,),. 

Hippuric  Acidy  CgH^NOs,  occurs  in  considerable  quantities  in 
the  urine  of  the  horse  and  herbivora  generally.  It  is  found  but 
very  sparingly  in  man*s  urine,  but  it  appears  in  large  quantities 
after  benzoic  acid  and  some  other  medicaments  have  been  taken. 
In  constitution  it  is  an  amido-acetic  acid  in  which  one  atom  of  the 
hydrogen  is  replaced  by  the  radical  benzoyl  (CtHjO).  In  the 
body  it  is  combined  with  bases,  and  is  formed  out  of  benzoic  acid 
and  glycin  (amido-acetic  acid),  thus: — 

Glycin.  Benzoic  Acid.  Hippuric  Acid.  Water. 

C,H,(NH,)O.OH  +  C,H,0,  =  C,H(CyH50)(NH,)0.0H  -f  H^O. 

By  heating  or  putrefaction  it  is  resolved  into  these  constituents. 

Indoly  CgH^N,  is  produced  in  the  intestinal  canal  by  the  putre- 
factive changes  brought  about  by  septic  agencies  during  pan- 
creatic digestion.  It  gives  an  odor  to  the  faeces  and  a  red  color 
with  nitrous  acid. 

Indican\  a  peculiar  substance  sometimes  found  in  the  urine 
and  sweat.  With  oxidizing  agents  it  yields  indigo  blue.  By  this 
fact  it  is  easily  recognized.  An  equal  volume  of  hydrochloric 
acid  and  a  very  small  quantity  of  calcium  hypochlorite  (bleach- 
ing lime)  is  added,  and  the  indigo  which  is  formed  can  then  be 
dissolved  and  separated  by  agitation  with  chloroform. 

CLASS  B.— NON-NITROGENOUS. 
GROUP  v.— CARBOHYDRATES. 

Carbohydrates  (general  formula,  CmH^nOn)  are  bodies  in  which 
the  hydrogen  and  oxygen  exist  in  the  same  proportion  as  in 
water,  the  carbon  being  variable.  The  following  examples  of 
this  group  are  met  with  in  the  textures  of  the  body : — 

Grape  Sugar  {Dextrose),  CeHuOj,  occurs  in  minute  quantities 
in  the  blood,  chyle  and^  lymph.  It  forms  crystals  which  readily 
dissolve  in  their  own  weight  of  water.  The  watery  solution  has 
a  dextro-rotatory  power  on  the  ray  of  polarized  light.  When 
mixed  with  yeast,  the  fungus  {Saccharomyces  cerevisias)  of  the 
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yeast  causes  alcoholic  fermentation  of  the  sugar,  whereby  alcohol 
and  carbon  dioxide  are  formed. 

Dextrose.  Alcohol. 

C6Hi,Oe=2C,H50-f  2CO,. 

Moderate  heat  (25°  C.)  aids  the  process,  and  cold  below  5^  C. 
checks  it ;  an  excess  of  either  sugar  or  alcohol  stops  it. 

The  presence  of  casein  or  other  proteid  material,  when  decom- 
posing, gives  rise  to  lactic  fermentation^  producing  first  lactic  acid, 
then  butyric  acid,  carbon  dioxide  and  hydrogen. 

Dextrose.         Lactic  Acid.  Butyric  Acid. 

C.H,,Oe  =  2C,H.O,  =  C,H,0,  +  2CO,  +  H,. 

Milk  Sugar  {Lactose),  C„H„Oii  +  H,0,  metameric  with  cane 
sugar  (sucrose).  It  is  the  characteristic  sugar  found  in  milk.  It 
is  not  so  soluble  as  dextrose,  and  does  not  undergo  direct  alcoholic 
fermentation,  but  under  the  influence  of  certain  organisms  it 
readily  gives  rise  to  lactic  acid  by  lactic  fermentation  in  the  same 
way  as  dextrose.     (See  page  102.) 

Inosity  CeHijO,  -f"  2HjO,  is  an  isomer  of  grape  sugar,  which 
is  incapable  of  undergoing  alcoholic  fermentation.  It  is  crystal- 
lizable,  and  easily  soluble  in  water.  It  has  no  effect  on  the 
polarized  ray.  It  is  found  in  the  muscles,  and  also  in  the  lungs, 
spleen,  liver  and  brain. 

Glycogen,  QH10O5,  a  body  like  dextrin,  first  found  in  the  liver. 
It  gives  an  opalescent  solution  in  water,  and  is  readily  converted 
into  dextrose  by  an  amylolytic  ferment,  or  weak  acids.  It  has  a 
strong  dextro-rotatory  power.  It  can  be  found  in  most  rapidly 
growing  tissues.     (See  Glycogenic  Function  of  the  Liver.) 

GROUP  VI.— FATS. 

These  bodies  have  the  same  elements  in  their  composition,  but 
the  hydrogen  and  oxygen  have  variable  proportions — not  that 
of  water.  Fats  are  found  in  large  masses  in  some  tissues,  and 
also  as  fine  particles  susi)ended  in  many  of  the  fluids.  The  fat 
of  adipose  tissue  in  man  is  a  mixture  of  olein,  palmitin  and 
stearin,  which  are  spoken  of  as  the  neutral  fats. 

The  first  is  liquid,  and  the  last  two  solid  at  normal  tempera- 
tures, and  the  varying  consistence  of  the  fat  of  different  animals 
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depends  up>on  the  relative  proportions  of  the  solid  or  liquid 
fats. 

Fats  are  soluble  in  ether  and  chloroform,  but  quite  insoluble 
in  water.  When  agitated  in  water  containing  an  albuminous 
body,  and  an  alkaline  carbonate  in  solution,  fluid  fat  is  broken 
tip  into  small  particles,  which  remain  suspended  in  the  liquid, 
forming  an  opaque  milky  emulsion. 

Chemically,  they  are  regarded  as  ethers  derived  from  the 
triatomic  alcohol  glycerine,  C8H5(OH)s,  by  replacing  the  OH 
group  with  the  radicals  of  the  fatty  acids,  thus : — 

Glycerine.  Palmitic  Acid .  Tripalmitin.  Water. 

CaH^COH),  +  3(CmH3,03)  =C,H,(C,.H„0,),  +  3H,0. 

Under  the  influence  of  certain  ferments  they  separate  into 
glycerine  and  the  fatty  acid,  uniting  with  the  necessary  elements 
of  water. 

When  the  neutral  fats  are  boiled  with  alkaline  solutions  they 
are  similarly  decomposed,  and  uniting  with  the  elements  of  water, 
form  glycerine  and  fatty  acids.  The  glycerine  is  thus  set  free, 
but  the  fatty  acid  combines  with  the  alkaline  metal  to  form  a 
soluble  soap.  An  insoluble  soap  may  be  obtained  by  substituting 
lead  or  lime,  etc.,  for  the  alkali. 

This  splitting  up  of  the  neutral  fats,  stearin,  palmitin  and  olein 
into  sodium  stearate,  palmitate,  or  oleate  goes  on  during  digestion, 
and  is  said  to  be  useful  in  aiding  the  absorption  of  fatty  matters. 

INORGANIC  BODIES. 

Water  (HjO)  is  present  in  nearly  all  tissues  in  larger  propor- 
tion than  any  other  compound,  making  up  about  70  per  cent,  of 
the  entire  body  weight.  The  amount  in  each  texture  varies,  the 
different  tissues  having  widely  different  consistence. 

Water  is  introduced  into  the  body  not  only  as  drink,  but  a 
large  quantity  is  also  taken  with  our  solid  food.  It  is  highly 
probable  that  in  the  chemical  changes  which  take  place  in  the 
tissues,  some  water  is  formed  by  the  oxidation  of  the  hydrogen 
of  the  more  complex  substances. 
In  the  economy  it  acts  as  the  universal  solvent  in  the  fluids  of 
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the  body,  and  as  the  agent  by  means  of  which  the  chemical 
changes  of  the  various  organs  can  be  accomplished. 

Water  leaves  the  body  by  the  lungs  as  vapor,  and  by  the 
skin,  kidney,  and  many  other  glands,  as  the  fluid  in  which  the 
solids  of  their  secretions  are  dissolved. 

Inorganic  acids  occur  in  the  body  either  combined,  forming 
salts,  in  which  condition  we  find  several  (sulphuric,  phosphoric, 
silicic),  or  uncombined.  In  the  latter  state  we  have  only  two, 
viz. : — 

Hydrochloric  Acid,  HCl,  which  is  formed  in  the  stomach,  and 
plays  an  important  part  in  gastric  digestion. 

Carbonic  Acid  Gas,  CO,,  exists  in  most  of  the  fluids  of  the 
body,  having  been  absorbed  by  them  from  the  tissues.  The 
venous  blood  contains  a  considerable  quantity,  some  of  which 
is  got  rid  of  during  the  passage  of  the  blood  through  the  lungs. 
It  is  a  waste  product,  which  must  be  constantly  eliminated  from 
the  body  (see  Respiration). 

Salts. — A  large  number  of  salts  occur  in  the  tissues,  generally 
in  small  quantity,  in  solution.  In  the  teeth  and  in  bone  tissue 
salts  exist  in  the  solid  form,  and  in  much  greater  proportion 
than  in  any  of  the  soft  parts.  Most  of  the  salts  are  introduced 
into  the  economy  with  the  food,  but  some,  doubtless,  are  formed 
in  the  body  itself.  Our  knowledge  of  the  exact  position  occupied 
by  the  salts  in  the  textures  is  very  incomplete,  as  their  amount 
is  usually  estimated  from  the  ash  of  the  tissue  which  remains 
after  ignition,  by  which  process  some  become  altered,  so  that  it 
is  impossible  to  say  what  are  the  exact  salts  that  are  present  in 
the  body.  They  form  chemical  combinations  with  the  complex 
organic  compounds,  which  we  do  not  understand,  and  probably 
have  important  functions  to  perform,  such  as  rendering  certain 
materials  (globulins)  soluble,  or  otherwise  facilitating  tissue 
change.  The  salts  pass  out  of  the  body  in  many  secretions, 
largely  in  the  urine,  where  they  influence  the  elimination  of 
urea,  and  therefore  form  an  important  constituent  of  that 
secretion. 

Common  Salt  {Sodium  Chloride),  NaCl,  is  the  most  widely  dis- 
tributed, and  is  present  in  greater  quantity  than  any  other  salt 
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in  all  animal  fluids  and  most  tissues,  except  bones,  teeth,  red 
blood  corpuscles  and  red  muscle. 

Potassium  Chloride  commonly  accompanies  sodium  chloride  in 
small  quantity.  In  the  red  blood  corpuscles  and  in  muscle  it 
occurs  in  greater  amount  than  the  sodium  salt,  while  in  the  blood 
plasma  but  little  is  found  in  comparison  with  the  sodium  salts, 
and  any  excess  seems  to  act  as  a  poison  to  the  heart. 

Carbonates  and  phosphates  of  calcium,  sodium,  potassium  and 
magnesium  occur  in  small  quantities  in  most  tissues.  The  earthy 
part  of  bone  is  chiefly  composed  of  calcium  and  magnesium  phos- 
phate and  calcium  carbonate,  together  with  some  calcium  fluoride. 

Sulphates  of  sodium  and  potassium,  probably  formed  in  the 
body  from  the  oxidation  of  the  sulphur  in  the  complex  proteid 
materials,  occur  in  most  tissues,  and  are  removed  from  the  body 
by  the  kidneys. 

Finally,  we  find  two  of  the  elements  free  in  the  textures.  Of 
these  Oxygen  plays  by  far  the  most  important  part.  It  is  widely 
distributed  among  the  fluids  of  the  body,  from  which  it  can  be 
removed  by  reducing  the  pressure  of  oxygen  of  the  atmosphere 
by  means  of  an  air  pump.  Oxygen  is  introduced  into  the  body 
by  the  lungs,  where  the  blood  takes  it  from  the  air.  In  the 
blood  only  a  small  quantity  of  that  which  can  be  removed  by 
the  air  pump  is  really  free ;  the  remainder  is  chemically  com- 
bined with  the  coloring  matter  of  the  blood.  It  is  absolutely 
necessary  for  life,.as  it  alone  can  enable  the  chemical  changes 
of  the  tissues,  which  are  mostly  oxidations,  to  go  on.  It  is,  in 
fact,  the  element  necessary  for  the  slow  combustion  which  takes 
place  in  the  nutrient  material  after  its  assimilation. 

Nitrogen  also  occurs  in  the  blood,  but  in  insignificant  quantity. 
It  is  absorbed  from  the  atmosphere  as  the  blood  passes  through 
the  lungs.  So  far  as  we  know,  it  has  no  physiological  importance 
in  the  body. 
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CHAPTER  IV. 

THE  VITAL  CHARACTERS  OF  ORGANISMS. 

The  manifestation  of  so-called  vital  phenomena  in  man  forms 
the  subject-matter  of  the  following  chapters,  and  some  explana- 
tory definition  of  the  vital  characters  of  the  simpler  organisms 
will  be  useful  in  preparing  the  beginner's  mind  for  the  more 
intricate  questions  in  human  physiology.  This,  with  the  fore- 
going short  account  of  the  chemical  and  structural  peculiarities 
of  animals,  will  complete  a  rough  outline  of  the  general  charac- 
ter of.  organisms. 

Protoplasm  has  already  been  referred  to  as  the  material 
capable  of  showing  vital  phenomena,  the  most  obvious  and 
striking  of  which  are  its  movements. 

Besides  the  common  molecular  or  Brownian  movement  of  the 
granules  in  protoplasm — which  may  be  seen  in  most  cases  where 
fine  granules  are  suspended  in  a  less  dense  medium — protoplasm 
can  perform  motions  of  different  kinds  which  must  be  regarded 
as  distinctly  vital  in  character.  This  movement  may  be  said  to 
be  of  three  different  kinds,  according  to  the  results  produced, 
viz.  :  (i)  The  production  of  internal  currents.  (2)  Changes  in 
form.  (3)  Locomotion.  In  reality,  the  two  latter  are  dependent 
on  the  first. 

The  existence  of  currents  moving  from  one  part  of  the  proto- 
plasm to  another  can  be  well  seen  in  vegetable  cells,  when  the 
cell  wall  restricts  the  more  obvious  change  in  form  or  place. 
Thus  in  the  cells  forming  the  hair  on  the  stamens  of  Tradescantia 
Virginica  the  various  currents  can  be  seen  in  the  layers  of  proto- 
plasm which  line  the  cell  wall. 

The  granular  particles  course  along  in  varying  but  definite 
directions,  passing  one  another  like  foot  passengers  in  a  crowded 
street.  The  first  and  most  obvious  result  of  this  is,  that  the 
different  parts  of  the  substance  are  frequently  brought  into  con- 
tact with  one  another,  and  thus  the  products  of  any  chemical 
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changes  taking  place  at  a  given  part  o(  the  cell  body  are  rapidly 
distributed  over  the  entire  mass  of  the  protoplasm. 

The  change  inform  occurs  if  there  be  no  definite  cell  wall — as 
in  naked  vegetable  spores  and  amceboid  forms  of  animal  life — to 
restrict  or  direct  the  current  of  protoplasm  ;  it  flows  unto  various 
directions  in  bud-lilcc  processes,  which  appear  at  various  parts  of 
the  protoplasmic  mass,  so  as  to  cause  a  constant  change  in  the 
form  of  the  cell.  These  outstretched  processe?  sometimes  flow 
together  and  become  fused,  often  enclosing  some  of  the  medium 
in  which  the  creature  is  suspended,  or  catching  some  foreign 
particle  floating  near  them. 

The  flowing  out  of  these  pseudopotiia  usually  takes  place  for 
some  time  persistently  from  one  side  of  the  cell ;  and  the  body 
of  the  cell  has  to  follow,  as  it  were, 

the  protrusion  of  the  processes  '"  j  S 

such  a  manner  that  in  a  short  time 
definite  change  in  position  or 
movement  in  a  certain  direction  n 

occurs ;  thus  the  protoplasmic  unit 
may  be  said  to  perform  definite 
progression  or  hcomotion.  All 
these  movements  may  be  seen  in 
the  white    blood   corpuscle   of    a 

,  ,   ,  ,         ,     J  ,         ,  ,  Animirba  figured  al  Iwo  diffmnl  mo- 

cold-blooded  animal,  such  as  a  uenu  during  movemini,  thowing  a 
frog,  and  still  more  easily  in  the  Lmnrp^'riion'' "«)  Nu""" rTo"'*- 
unicellular  amoeba.  """"""-  "^«"*"«"'J 

Various  influences  may  be  seen  to  affect  the  rate  of  movements 
and  probably  influence  at  the  same  time  the  other  activities  of 
the  protoplasm.  Foremost  among  these  must  be  named  :  (i) 
Ttmperature.  If  a  protoplasmic  unit,  which  is  observed  to  lie 
motile,  be  gently  warmed,  the  movements  become  more  and 
more  active  as  the  temperature  is  raised,  up  to  a  certain  point, 
about  35°— 4^°  C.,  when  a  spasm  occurs,  resulting  in  the  with- 
drawal of  the  pseudopodia;  soon  after  this  the  cell  assumes  a 
spherical  shape.  If  the  heat  be  carefully  abstracted  before  it  has 
attained  too  great  a  height,  the  protoplasm  may  recover  and 
again  commence  its  movements.     If,  on  the  other  hand,  cold  be 
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applied  to  moving  protoplasm,  the  motions  become  less  and  less 
active,  and  commonly  cease  at  a  temperature  about  or  a  little 
above  o**  C.  (2)  Mechanical  irritation  also  produces  a  marked 
effect  on  the  movements  of  protoplasm.  This  may  be  well  seen 
in  the  behavior  of  a  living  white  cell  of  frog's  blood  under  the 
microscope.  It  is  spherical  when  first  mounted,  owing  to  the 
rough  treatment  it  goes  through  while  being  placed  on  the  glass 
slide  and  covered ;  shortly  its  movements  become  obvious  by  its 
change  in  form,  which  may  again  be  checked  by  a  sudden  motion 
of  the  cover  glass.  (3)  Electric  shocks  given  by  means  of  a 
rapidly-broken  induced  current  cause  spasm  of  the  protoplasm, 
the  cell  becoming  spherical.  (4)  Chemical  stimuliiko  have  a 
marked  effect ;  carbonic  acid  causing  the  movements  to  cease, 
and  a  supply  of  oxygen  making  it  active.  The  movements  and 
other  activities  of  protoplasm  are,  during  life,  frequently  modified 
and  controlled  by  nerve  influence,  as  will  appear  in  the  following 
pages.  This  may  readily  be  seen  in  the  stellate  pigment  cells  of 
the  frog's  skin,  which  can  be  made  to  contract  into  spheres  by 
the  stimulation  of  the  nerves  leading  to  the  part. 

The  motions  of  protoplasm  are  thus  seen  to  be  affected  by 
external  influences,  but  the  most  careful  observer  cannot  find 
physical  explanations  of  the  various  movements  which  have  been 
described.  It  is  necessary,  therefore,  to  ascribe  this  power  of 
motion  to  some  property  inherent  in  the  protoplasm,  and  hence 
the  movements  are  called  automatic.  We  are  unable  to  follow 
the  chemical  processes  upon  which  the  activities  of  the  proto- 
plasm depend,  and  we  therefore  call  them  vital  actions ;  but  we 
mast  assume  that  these  so-called  vital  properties  depend  on  cer- 
tain decompositions  in  the  chemical  constitution  of  the  proto- 
plasm. We  know  that  some  chemical  changes  take  place,  as 
we  can  find  and  estimate  products  which  indicate  a  kind  of  com- 
bustion ;  but  we  know  little  or  nothing  of  the  details  of  the 
chemical  process. 

From  the  foregoing  description  of  the  manner  in  which  proto- 
plasm responds  to  external  stimuli,  it  may  be  gathered  that  it  is 
capable  of  appreciating  impressions  from  without;  indeed,  it  can 
be  said  to  feel.     We  can  only  judge  of  the  sensitiveness  of  any 
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creature  by  the  manner  in  which  it  responds  to  stimuli,  and  we 
may  therefore  conclude  that  the  smallest  particle  of  living  proto- 
plasm is  endowed  with  definite  sensitiveness  ;  this  must  be  noted 
as  one  of  the  most  striking  properties  of  protoplasm. 

Every  particle  of  living  protoplasm  has  the  power  of  assimila- 
Hen.  Taking  into  its  structure  any  nutrient  matters  it  meets 
with,  by  flowing  around  them  in  the  way  mentioned,  it  brings 
them  into  direct  contact  with  different  parts  of  its  protoplasmic 
substance.  This  nutrition  of  the  cells  gives  rise  to  their  growth, 
and  finally  leads  to  their  reproduction.  These  facts  will  be  more 
closely  examined  when  speaking  of  their  relation  to  cell  life. 


Illan  fraa  vaunt  >niDul  ihowing  [he 
diviiion  of  Ihe  edit  la,  ^,  c,  <f). 


When  a  certain  size  has  been  attained,  the  cell  does  not  further 
increase,  but  prepares  to  bring  forth  a  cell  unit  similar  to  itself. 
This  is  spoken  of  as  the  reproduetion  of  cells. 

DilTerent  kinds  of  cell  reproduction  have  been  observed,  which 
are  all,  however,  modifications  of  the  same  general  plan.  The 
first  is  that  by  the  formation  of  a  bud  from  the  side  of  the  parent 
cell;  this  bud  increases  in  size,  and  finally  detaches  itself  from 
the  parent  and  becomes  a  separate  individual.  This  process, 
which  is  called  gemmation,  can  readily  be  seen  in  all  its  stages 
in  growing  yeast,  where  the  torula  cells  have  various-sized  buds 
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growing  from  them.  If  the  newly-formed  portion  be  large, 
nearly  equal  in  size  to  the  cell  itself,  the  process  receives  the 
name  oi  fission y  or  division.     In  well-marked  typical  fission  the 

parent  cell  divides  into 
^*°-  38-  two  parts  of  equal  size, 

each  of  which  becomes 
a  perfect  individual. 
Various  gradations  may 
be  traced  between  the 
two   processes,  so   that 

Cells  of  a  fungus  (C/<r«:i«/jd)  showing  different  stages        .       .        ,.«-       «       ^         , 

(1-4)  of  endogenous  division.    {4/ier  Sacks.)  it    IS    QimCUlt     tO    draw 

any  very  distinct  line 
between  budding  and  fission.  The  budding  and  fission  may  be 
multiple;  many  buds  and  several  units,  products  of  division, 
may  remain  together,  and  form  what  is  called  a  colony..  When 
this  multiple  budding  or  division  takes  place,  so  that  the  new 
units  are  included  within  the  body  of  the  parent  cell,  then  the 
process  is  called  endogenous  reproduction  or  spore  formation. 
Just  as  there  are  gradations  between  budding  and  fission,  so  it  is 
difficult  to  draw  a  hard  and  fast  line  between  what  may  be  called 
multiple  fission  and  spore  formation. 

In  tracing  the  stages  of  development  of  the  highly  differentiated 
cells  of  some  tissues,  we  have  to  pass  through  a  series  of  changes 
which  form  a  cycle  that  may  well  be  called  the  lifetime  of  the 
cell.  The  duration  of  this  cycle  varies  greatly  in  different  indi- 
vidual cells.  Some  cells  are  very  short-lived,  being  destroyed 
by  their  act  of  secretion ;  others  probably  endure  for  the  lifetime 
of  the  animal.  The  life  history  of  all  cells  begins  with  the  stage 
when  they  are  composed  entirely  of  indifferent  protoplasm,  in 
which  various  modifications  are  subsequently  produced. 

Let  us  take,  as  an  example,  a  cell  of  the  outer  skin  or  cuticle, 
and  examine  its  life  history.  The  cuticle  is  made  up  of  numerous 
layers  of  epithelial  cells  laid  one  on  the  other,  and  the  surface 
cells  are  constantly  being  rubbed  or  worn  off.  These  cells  have 
their  origin  from  the  cells  of  the  deepest  layer,  which  is  next  to 
the  supply  of  nutriment.     This  layer  is  made  up  of  soft  proto- 
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plasmic  units,  which  have,  no  doubt,  certain  specific  inherited 
characteristics,  but  apparently  the  same  as  ihe  motile,  sentient, 
growing  protoplasm  of  an  indifferent  cell.  By  a  process  of 
fission  or  budding,  constantly  going  on  in  this  deepest  layer  of 
cells,  new  protoplasmic  units  are  produced.  These  become 
distinct  individuals,  and  occupy  the  position  of  the  parent  cell, 
which,  having  produced  offspring,  is  moved  one  place  nearer  the 
surface,  away  from  the  supply  of  food.  'Ilie  new  cell  in  lime 
gives  rise  to  offspring,  and  having  attained  reproductive  maturity, 
in  turn  is  moved  onward  to  the  surface.     I'he  result  of  this  is 


that  its  supply  of  nutrition  diminishes,  the  evidences  of  repro- 
ductive activity  disappear,  and  at  a  certain  point  all  signs  of 
protoplasmic  life  are  lost.  But  on  its  way  from  the  seat  of  its 
origin  to  the  surface,  it  makes  use  of  its  limited  supply  of  nutri- 
tion for  the  purpose  of  manufacturing  a  special  kind  of  material 
which,  if  present  at  all,  only  occurs  in  the  minutest  traces  in 
ordinary  protoplasm.  As  the  cell  moves  toward  the  surface,  it 
loses  its  protopla.smic  characters,  becomes  tougher  and  drier,  and 
finally  nothing  but  the  special  horny  material  remains.  Thus, 
from  the  birth  of  the  cell,  its  energies  are  devoted,  first,  to  its 
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own  growth,  then  to  the  reproduction  of  its  like,  and  finally  to 
the  formation  of  a  material  fitted  to  act  as  a  mechanical  protection 
to  the  surface  of  the  skin.  Having  manufactured  a  certain 
amount  of  this  material,  the  protoplasm  dwindles,  and  finally 
disappears,  so  that  the  cell  may  be  said  to  die.  Its  horny,  in- 
soluble and  impermeable  skeleton  has,  however,  yet  to  do  service 
in  the  outer  layer  of  the  skin  while  it  is  passing  toward  the  sur- 
face, to  be  in  its  turn  rubbed  off. 

It  has  already  been  stated  that  the  material  protoplasm,  which 
forms  all  active  cells,  is  capable  of  carrying  on  the  many  func- 
tions required  for  the  independent  existence  of  simple  creatures. 
It  will  be  found  in  the  subsequent  pages  that  not  only  can  pro- 
toplasm  perform  all  the  activities  necessary  for  the  life  history 
of  unicellular  organisms,  but  that  it  can  also  work  out  all  the 
functions  of  the  most  complex  animals.  Indeed,  the  cells  which 
accomplish  the  most  elaborate  functions  in  man,  are  but  pro- 
toplasm more  or  less  modified  for  the  special  purpose  to  be 
attained. 

The  different  living  operations  of  many  independent  unicellular 
organisms  can  be  more  completely  watched  than  the  changes 
which  take  place  in  the  cells  of  the  higher  animals,  both  on 
account  of  their  greater  size,  their  freedom,  and  the  more  obvi- 
ous character  of  the  changes  taking  place  in  them.  The  student 
is  therefore  advised  to  spend  some  time  in  contemplating  the 
operations  which  go  on  in  those  simple  organisms  whose  life  is 
not  complicated  by  structural  or  functional  elaboration,  before 
attempting  to  solve  the  difficult  question  of  the  mechanism  of  the 
human  body. 

The  lowest  forms  of  living  creatures  that  we  are  acquainted 
with  {micrococcus  and  bacterium) y  are  placed  among  the  fungi  in 
the  vegetable  kingdom.  On  account  of  their  extremely  minute 
size — being  hardly  visible  as  spherical  or  elongated  specks  with 
a  powerful  microscope — we  can  say  but  little  about  their  struc- 
ture.    They  appear  to  be  translucent  and  homogeneous. 

Since  we  use  the  term  protoplasm  to  denote  the  material  of 
which  the  active  part  of  the  simplest  forms  of  living  beings 
are  composed,  we  must  assume  that  bacteria  are  small  particles 
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of  that  material,  but  the  characters  attributed  to  protoplasm  can- 
not be  detected  in  the  minute  glistening  mass  which  makes  up 
their  body. 

They  are  so  certain  to  appear  in  a  couple  of  days  in  organic 
infusions,  or  in  any  fluid  prone  to  putrefaction,  and  multiply  with 
such  astounding  rapidity,  that  they  have  been  supposed  by  some 
to  develop  spontaneously.  But  this  is  now  known  not  to  be  a 
fact.  Bacteria  can  no  more  than  any  other  form  of  living  thing 
appear  without  progenitors.  They  float  inanimate  and  dry  in 
multitudes  through  our  atmosphere,  and  adhere  to  all  substances 
to  which  the  air  has  free  access.  The  moment  they  alight  upon 
a  suitable  habitat,  they  burst  into  prodigious  activity,  at  first 
forming  masses  or  colonies,  which  may  be  seen  as  a  jelly-like 
scum  on  the  fluid.-  Such  a  habitat  is  supplied  by  any  organic 
substance  capable  of  ready  decomposition,  for  which  process,  as 
is  well  known,  the  great  requirements  for  life,  moisture  and 
warmth  are  to  a  certain  degree  necessary.  Vast  varieties  of  these 
organisms  are  now  known.  They  differ  slightly  in  shape,  in  their 
habitat,  and  in  their  properties.  Some  are  obviously  composed 
of  two  distinct  layers,  some  are  provided  with  a  fine  hair-like 
process,  by  the  lash-like  motions  of  which  they  move  rapidly  in 
a  definite  direction. 

They  are  known  to  be  inseparable  from  putrefactive  changes 
in  organic  materials ;  without  them  no  putrefaction  can  go  on, 
since  this  process  is  but  the  product  of  their  living  activity. 
Great  heat  kills  them,  too  great  cold  or  dryness  checks  their 
activity  and  stops  putrefaction.  When  an  organic  substance  is 
absolutely  protected  from  their  presence  by  exclusion  of  the  air, 
etc.,  no  putrefaction  occurs,  even  though  it  be  prone  to  spon- 
taneous decomposition,  and  be  placed  under  favorable  circum- 
stances as  to  warmth  and  moisture. 

Bacteria  would  not  deserve  so  much  notice  here  were  it  not 
for  the  pathogenic  influence  some  of  them  have  on  the  higher 
forms  of  life.  We  do  not  know  that  they  are  necessary  for  any 
of  the  more  important  processes  that  normally  go  on  in  the 
human  body,  though  they  are  constantly  present  in  the  intestinal 
tract,  and  are  inseparable  from  at  least  one  change  taking  place 
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there  that  may  be  regarded  as  physiological.  It  is  their  relation 
to  the  diseased  state  that  makes  a  knowledge  of  these  creatures 
imperative  to  medical  men. 

So  long  as  the  tissue  of  a  higher  animal  is  healthy  and  well 
nourished,  the  commoner  forms  of  septic  bacteria  cannot  thrive  in 
immediate  contact  with  it.  They  can  only  exist  in  the  intestine, 
etc.,  because  there  they  find  accumulations  of  lifeless  fluids 
which  offer  them  a  suitable  nidus.  Active  living  tissues  may  be 
said  to  have  antiseptic  power,  /.  ^.,  are  able  to  destroy  septic 
bacteria;  and  it  is  only  owing  to  this  bactericide  power  of  our 
textures,  that  we  can  with  immunity  breathe  into  our  lungs  the 
atmospheric  air  often  crowded  with  these  organisms,  and  swallow- 
mult  itudes  of  them  with  our  food.  But  for  it  every  wound  would 
become  putrid,  every  breath  might  admit  deadly  germs  to  our 
blood. 

When  the  vitality  of  the  body  generally  is  lowered,  the  vital 
activity  of  the  tissue  may  fall  below  that  necessary  to  insure  the 
death  of  the  bacteria,  whose  victory  is  signaled  by  unwonted  and 
often  fatal  changes.  Morbid  fluids  allowed  to  accumulate  in  the 
textures  facilitate  the  growth  of  bacteria,  and  give  rise  to  various 
grades  of  ** wound  infection.''  But  if  all  accumulations  be 
avoided,  the  bacteria  brought  into  relation  with  the  living  tissue 
only  irritate  it,  and  cause  general  fever  and  local  suffering  to 
the  patient.  They  cannot  propagate  in  live  tissue  as  in  lifeless 
fluids.  As  a  rule,  the  injurious  effect  of  bacteria  is  in  inverse 
proportion  to  the  vital  power  of  the  textures  which  they  invade. 
This  is  seen  in  many  cases  familiar  to  the  physician  and  the 
surgeon.  There  are,  however,  many  forms  o{ pathogenic  bacteria 
which,  if  introduced  into  the  system  by  inoculation,  are  able  to 
overcome  the  vital  activity  of  the  tissues  of  certain  animals  even 
in  the  most  robust  health. 

We  next  come  to  forms  of  fungus,  which  set  up  a  process  verj' 
like  putrefaction,  such  as  the  yeast  plant,  Torula  cerevisia,  which 
causes  alcoholic  fermentation  in  sugar  solutions.  In  the  torula 
an  external  case  containing  protoplasm  may  readily  be  seen,  and 
multiplication  of  the  cells  goes  on  rapidly  by  a  process  of 
budding.     Torulae,  however,  like  bacteria,  though  called  vege- 


lables,  have  not  the  power  of  assimilating  as  ordinary  green 
plants  do,  but  require  nutriment  to  be  supplied  to  them  which 
already  contains  organic  or  complex  compounds.  Structurally 
but  little  different  from  tonila  is  a  one-celled  plant,  the  green 
protococcus,  which,  like  a  higher  plant,  can  build  up  its  texture 
from  the  simplest  food  stulTs,  and  carry  on  its  functions.  It 
consists  of  a  case  made  of  cellulose,  within  which  lies  a  mass  of 
protoplasm  with  a  nucleus.  Their  protoplasm  is  colored  green  by 
a  peculiar  substance  called  chlorophyll.  We  shall  see  presently 
that  it  is  to  protoplasm  containing  chlorophyll  that  plants  owe 
all  their  most  characteristic  and  wonderful  properties ;  viz.,  the 
property  of  assimilating  so  as  to  construct  complex  carbon  com- 
pounds out  of  simple  inorganic  materials. 


^^ 


The  smallest  and  simplest  organisms  classed  as  animals  are 
generally  larger  than  the  vegetable  cells  just  alluded  to.  They 
consist  of  protoplasm  without  any  nucleus,  and  only  sometimes 
with  a  structural  difference  between  any  part  of  their  substance. 
As  an  example  we  may  take  Protamxba,  This  is  a  small  mass 
of  protoplasm  without  any  nucleus,  but  its  outer  layer  is  clearer 
and  less  granular  than  the  central  part.  It  can  move  by  sending 
out  protoplasmic  processes,  in  which  currents  can  be  observed 
resembling  those  in  the  vegetable  cells.  Excepting  as  regards 
the  nucleus,  it  is  much  the  same  as  the  Amaba,  which  can  be 
readily  found  and  watched,  and  will  be  more  accurately  described. 

The  amceba  is  a  single  cell  or  mass  of  uncovered  protoplasm. 
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containing  a  well-defined  nucleus,  within  which  is  a  nucleolus. 
There  is  also  generally  a  vacuole.  The  central  part  of  the  pro- 
toplasm is  densely  packed  with  coarse  granules,  but  the  outer, 
more  active  part  is  structureless  and  translucent  looking,  some- 
what like  a  fine  border  of  muffed  glass,  encasing  the  coarsely 
granular  middle  portion.  Such  an  animal  has  no  parts  differen- 
tiated for  special  purposes,  the  requirements  of  its  functions  being 
so  limited  that  the  protoplasm  itself  can  accomplish  them. 

Thus  the  processes  of  protoplasm,  which  flow  out  with  con- 
siderable rapidity  from  the  body,  frequently  encircle  particles  of 
nutrient  material,  and  then  closing  in  around  them,  press  them 
into  the  midst  of  the  granular  central  mass.  Here  they  sojourn 
some  time,  and  during  this  period  no  doubt  any  nutritive  pro- 
perties they  possess  are  extracted  from  them,  and  they  are  then 
ejected  from  the  plastic  substance.  This  form  of  assimilation 
demands  no  previous  preparation  of  the  food  such  as  we  shall  see 
takes  place  in  the  alimentary  tract  of  man,  and  in  the  special 
organs  of  the  higher  animals;  yet  it  is  a  form  of  digestion 
adequate  at  least  to  the  requirements  of  this  simple  organism. 
The  repeated  alteration  of  relationship  between  the  different  parts 
of  the  protoplasm,  and  the  surrounding  medium  during  the  flow- 
ing hither  and  thither  of  the  currents,  produces  not  only  a 
change  in  the  shape  and  position  of  the  animal,  but  also  acts  as 
a  means  of  distributing  the  nutriment  to  the  different  parts  of  the 
body,  and  of  collecting  and  carrying  to  the  surface  the  various 
products  of  tissue  decomposition  ;  thus  the  streaming  protoplasm 
does  the  work  of  a  circulating  fluid  such  as  we  see  in  the  more 
elaborate  organisms  for  the  distribution  of  nutriment  and  elimina- 
tion of  waste  materials.  The  surface  of  the  amoeba  is  sufficient 
to  allow  of  the  gas  interchange  necessary  for  life,  and  by  means 
of  the  ever-changing  material  exposed,  sufficent  oxygen  is  taken 
for  its  tissue  combustions,  and  so  a  function  of  respiration  is 
established .  The  growth  that  results  from  the  perfect  perform- 
ance of  these  vegetative  functions  proceeds  until  the  maximum 
size  is  attained,  and  further  nutritive  activity  is  then  devoted  to 
reproduction.  When  growth  ceases,  commonly  the  cell  divides 
and  forms  two  distinct  individuals.     The  movements  which  form 
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the  most  striking  operations  of  the  amoeba  are  the  same  as  those 
which  take  place  in  protoplasm,  except  that  they  are  more  rapid 
and  obvious.  The  clear,  outer  layer  first  flows  out  as  a  bud-like 
process,  and,  as  it  is  gradually  enlarging,  some  of  the  central 
granular  part  of  the  cell  suddenly  tumbles  into  its  midst,  where 
it  remains,  while  other  pseudopodia  are  being  thrown  out  in  the 
neighborhood,  and  the  same  changes  repeated  in  them.  It  is 
difficult  to  watch  the  motions  of  an  amoeba  without  being 
impressed  with  the  idea  that  it  is  not  only  endowed  with  sensi- 
bility, but  that  it  can  also  discriminate  between  different  objects, 
for  we  see  it  greedily  flowing  around  some  food  material,  while  it 
carefully  avoids  other  substances  with  which  it  comes  in  contact. 

If  a  glass  vessel  containing  several  amoebae  be  placed  in  a 
window,  they  will  be  found  to  cluster  on  the  side  of  the  glass 
most  exposed  to  the  light.  From  this  it  would  appear  that,  in 
some  obscure  way,  protoplasm  can  appreciate  light,  and  respond 
to  its  influence  by  moving  toward  it. 

This  single-celled  animal,  or  nucleated  mass  of 
protoplasm,  can  perform  all  the  functions  of  a 
higher  animal.  It  can  move  from  place  to  place 
and  assimilate  nutriment,  apparently  discriminat- 
ing between  different  materials.  It  distributes 
nutrient  stuffs  and  oxygen  throughout  its  body 
by  a  kind  of  tissue  circulation,  and  it  can  appre- 
ciate and  respond  to  the  most  delicate  form  of 
stimulus,  namely,  light,  which  subtle  motion  has 
no  effect  on  the  sensory  nerve  fibres  of -the  higher 
animals. 

In  some  unicellular  animals  certain  parts  of  the  'mSJuiin  ^sho^lirg 
cell  are  specially  modified  for  the  performance  of  fa^^^'^y^splcc 
special  ftinctions,  a  division  of  labor  thus  taking  ^"*^  ^'''^  *°^* 
place  which  insures  the  more  perfect  accomplish- 
ment of  the  different  kinds  of  activity.  In  one 
of  the  commonest  of  the  Infusoria  {Paramacia 
bursaria),  which  swarm  in  dirty  water,  this  is 
well  exemplified.  The  outer  layer  of  the  flattened  body  is 
denser,  and  forms  a  kind  of  fibrillated  corticular  case  (ectosarc), 


protoplasm,  into 
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fKann.) 
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which  is  covered  over  with  hair-like  processes  (vibratile  cilia), 
constantly  moving  in  a  certain  direction,  so  as  to  propel  the 
creature  rapidly  through  the  water.  The  internal  i)art  of  the  cell 
is  very  soft,  almost  fluid,  and  coarsely  granular  in  appearance, 
containing  many  bodies  which  have  obviously  been  introduced 
from  without.  This  soft  internal  protoplasm  (endosarc)  moves 
slowly  round  in  a  definite  direction,  completing  its  circuit  in  one 
or  two  minutes,  and  thus  carries  on  a  circulation  which  mixes  the 
various  matters  contained  in  it.  At  one  point  of  the  ectosarc,  or 
cortical  layer,  an  orifice  or  mouth  leading  to  an  oesophageal 
depression  is  found.  This  orifice  is  lined  by  moving  cilia,  which 
by  their  vibrations  drive  the  food  into  the  oesophagus,  whence  it 
is  periodically  jerked  into  the  soft  internal  protoplasm  or  endo- 
sarc, together  wMth  some  water,  and  .thus  forms  a  food  vacuole, 
which  is  carried  round  in  the  circulation  of  the  ectosarc.  Besides 
a  well-marked  nucleus  and  nucleolus  in  the  central  part  of  the 
cell,  these  paramoecia  have  one  or  more  clear  spaces  placed  near 
the  surface  at  the  extremities  of  the  animal.  These  vacuoles 
suddenly  contract,  and  disappear  every  now  and  then.  When 
this  contraction  occurs,  fine  canals  radiating  from  the  contractile 
vacuole  are  distended  with  the  clear  fluid  which  has  probably 
entered  the  vacuole  from  without.  Thus  a  permanent  set  of 
water  vessels  carry  fluid  from  the  contractile  vacuole  throughout 
the  endosarc. 

In  such  an  animal  there  is  a  distinct  advance  of  function  com- 
pared with  the  amoeba ;  a  more  elaborate  and  specialized  method 
of  feeding ;  a  more  systematic  and  regular  circulation  of  nutri- 
ent matters ;  a  respiratory  distribution  of  water  by  the  contrac- 
tile vesicle  and  its  water  canals;  more  rapid  motion  ;  and  more 
obvious  sensation. 

In  the  bell  animalcule,  or  Vorficella,  the  same  kind  of  division 
of  labor  exists,  but  in  one  'of  its  commonest  conditions  it  is 
attached  by  a  thin  stalk  to  the  stalk  of  some  weed  or  other 
object.  Besides  the  ciliary  movement  we  here  find  that  the  gen- 
eral mass  of  the  protoplasm  can  suddenly  and  forcibly  contract, 
so  as  to  completely  alter  its  shape,  and  change  the  bell  into  a 
rounded  mass.     This  spasm  of  the  body  is  commonly  associated 
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with  a  wonderfully  rapid  contraction  of  the  stalk.  This  stalk 
consists  of  a  delicate  transparent  sheath,  in  the  centre  of  which 
is  a  thin  thread  of  pale  protoplasm.  The  rapid  contraction  of 
the  protoplasm  of  the  stalk  and  the  spasm  of  the  bell  occur  on 
the  application  of  the  least  mechanical  excitation,  such  as  a 
touch  to  the  cover  glass.  Here  in  a  single  cell  we  have  certain 
portions  set  apart  for  special  purposes,  most  of  which  are  the 
same  as  in  paramoecia.  But  the  animal  being  attached  requires 
a  special  way  of  escaping  from  its  enemies,  and  hence  we  find  it 
endowed  with  three  special  forms  of  motion.  Besides  the  ciliary 
and  streaming  protoplasmic  motion,  its  body  can  spasmodically 
change  its  shape,  and  the  stalk  contracts  with  a  velocity  compar- 
able with  that  of  the  most  specifically  modified  contractile  tissue 
(muscle)  of  the  higher  animals,  by  means  of  which  their  rapid 
and  varied  movements  are  carried  out. 
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CHAPTER  V. 

FOOD. 

The  continuation  of  life  depends  on  certain  chemical  changes 
which  are  accompanied  by  a  loss  of  substance  on  the  part  of  the 
active  tissues.  This  loss  must  be  made  good  by  the  assimilation 
of  material  from  without,  and  the  manner  in  which  assimilation 
takes  place  constitutes  one  great  point  of  difference  between 
Plants  and  Animals.  In  the  majority  of  the  former  (certain 
fungi  form  the  main  exceptions)  the  cells  in  those  portions  of  the 
plant  which  are  exposed  to  the  light  and  air  contain  a  peculiar 
green  substance  called  chlorophyll,  and  through  the  agency  of 
this  substance  they  are  able  to  obtain  from  the  inorganic  king- 
dom nearly  all  the  food  they  require.  Water,  with  such  salts  as 
may  happen  to  be  in  solution,  is  taken  up  by  the  roots,  and  car- 
ried through  the  stem  to  the  leaves ;  here  the  active  chlorophyll- 
bearing  cells,  under  the  influence  of  the  sun's  rays,  cause  its 
elements  to  unite  with  the  carbon  dioxide  present  in  the  air,  and 
form  various  substances,  of  which  we  may  take  starch  or  cellu- 
lose as  an  example.  The  reaction  may  be  represented  chemic- 
ally, thus : — 

6C0,  -f  5H,0  =  C,H,oO,  +  Oj,. 

Surch  or  Cellulose. 

A  large  proportion  of  oxygen  is  thus  set  free  and  discharged 
into  the  atmosphere. 

The  most  striking  property  of  plant  protoplasm  is  the  power 
of  using  the  energy  of  the  sun's  rays  to  separate  the  elements  of 
the  very  stable  compounds,  carbon  dioxide  and  water,  and  from 
the  elements  thus  obtained  to  make  a  series  of  more  complex  and 
unstable  compounds,  which  readily  unite  with  more  oxygen,  and 
change  back  to  carbonic  anhydride  and  water. 

The  carbon  compounds  made  in  and  by  the  protoplasm  of  the 
green  plants  are  some  of  the  so-called  *' organic  compounds," 
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which  enter  into  the  composition  of  both  plants  and  animals,  and 
form  an  essential  part  of  the  food  of  the  latter.  They  may  be 
divided  into  three  groups — 

1.  Carbohydrates — ^bodies  so  called  from  the  presence  of  hydro- 

gen and  oxygen  in  proportion  to  form  water  ;  e,g. : — 
Starch,  CeHioOs  =  C,(H,0)5. 
Grape  sugar  (dextrose),  CgH,jOg  =  Cg(HjO)g. 
Cane  sugar  (sucrose),  CwH^Ou  =  (CiaHaO)ii. 

2.  /b/x— compounds  of  carbon  and  hydrogen  with  a  less  pro- 

portion of  oxygen  than  the  starches,  e,  g.  : — 

Olein  (principal  constituent  of  olive  oil),  CsyHioiOe. 

3.  Albuminous  bodies  which  contain  nitrogen  in  addition  to 

carbon,  hydrogen  and  oxygen.     These  are  of  complex 

composition,  and,  as  a  rule,  cannot  be  represented  by 

chemical  formulae. 

Animals  cannot  thrive  on  the  simple  forms  of  food  obtainable 

from  the  inorganic  kingdom,  which  suffice  for  the  nutrition  of  a 

plant.     They  require  for  assimilation  materials  nearly  allied  in 

chemical  composition  to  their  own  tissues  ;  substances  to  be  used 

as  fuel  in  producing  the  activities  of  their  bodies.     In  short, 

they  require  as  food  the  very  organic  substances  which  plants 

spend  their  lives  in  making  :  viz.,  starches,  fats  and  albuminous 

bodies.     These  substances  must  be  supplied  to  animals  ready 

made,  so  that  directly  or  indirectly,  through  the  medium  of  other 

animals,  all  these  complex  substances  are  the  result  of   work 

done  by  vegetable  life. 

The  chief  acts  of  animal  protoplasm  are  oxidations,  a  slow 
burning  away  of  its  substance,  which  results  in  the  production 
of  inorganic  materials  like  those  used  by  plants  as  food. 

Plants  use  simple  food  stuffs,  and  from  them  manufacture  com- 
plex combustible  materials,  and  thus  store  up  the  energy  of  the 
sun's  rays  in  their  textures. 

'  Animals,  on  the  other  hand,  use  complex  food  stuffs  to  renew 

their  tissues,  which  are  constantly  being  oxidized,  and  by  this 

means  the  energy  for  the  performance  of  their  active  functions 

is  set  free. 

Although  the  various  kinds  of  food  stuffs  used  by  animals  are 
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highly  organized  and  like  the  animal  tissues  in  composition,  yet 
they  cannot  be  admitted  at  once  into  the  economy  without  hav- 
ing undergone  a  special  preparation,  which  takes  place  in  the 
digestive  tract,  where  the  various  food  stuffs  are  so  changed  as  to 
allow  them  to  pass  into  the  fluids  of  the  body. 

We  shall  first  consider  the  food  stuffs,  next  their  preparation 
for  absorption  (digestion),  and  then  the  means  by  which  they  are 
distributed  to  the  tissues  (circulation).  The  final  step  in  tracing 
the  assimilation  of  the  food  is  to  follow  the  intimate  processes 
which  go  on  between  the  blood,  which  carries  the  nutriment,  and 
the  different  tissues. 

CLASSIFICATION  OF  FOOD  STUFFS. 

There  are  two  portals,  namely,  the  lungs  and  the  alimentary' 
canal,  by  which  new  materials  normally  enter  the  animal  body. 

Within  the  lungs  the  blood  comes  into  close  relation  with  the 
air,  and  takes  from  it  oxygen.  The  oxygen  is  then  carried  to 
the  various  tissues,  where  it  aids  in  the  combustion  accompany- 
ing the  life  and  functions  of  these  tissues.  Oxygen  is  the  most 
abundant  element  in  the  body,  taking  part  in  almost  every 
chemical  change,  and  its  continuous  supply  is  more  immediately 
necessary  for  life  than  that  of  any  other  substance,  yet  it  is  not 
counted  as  food,  because  tissue  oxidation  is  distinguished  from 
tissue  nutrition. 

The  details  of  the  union  of  oxygen  with  the  blood  will  he 
found  in  the  Chapter  (xix)  on  Respiration. 

It  is  then  only  to  the  liquid  and  solid  portions  of  the  material 
income  of  an  animal — that,  in  short,  which  it  must  busy  itself  to 
obtain — that  the  term  "  food  *'  is  applied.  These  are  introduced 
into  the  alimentary  canal,  where  the  nutrient  materials  are  sej>a- 
rated  and  i;>repared  for  absorption,  while  the  portions  which  are 
not  useful  for  nutrition  are  carried  away  as  excrement.  We  are, 
therefore,  quite  prepared  to  hear  that  the  really  nutritious  food 
stuffs  are  composed  of  materials  which  are  chemically  like  the 
tissues,  although,  as  we  shall  see,  we  have  no  grounds  for  believ- 
ing that  the  different  chemical  groups  of  nutritive  stuffs  are 
exclusively  destined  to  replace  corresponding  substances  in  the 
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body.  On  the  contrary,  we  have  good  reason  to  think  that 
within  the  body  the  conversion  of  one  group  into  another  is 
common. 

In  Chapter  in  the  tissues  of  the  animal  body  were  shown  to 
consist  of  chemical  compounds,  which  have  been  classified  into 
certain  groups.  It  has  also  been  stated  that  the  tissues  are  con- 
stantly undergoing  chemical  changes  insepjarable  from  their  life, 
and  that  for  these  changes  a  supply  of  nutritive  material  is 
necessary. 

The  nutriment  required  for  an  animal  is  made  up  of  substances 
which  may  be  divided  into'  the  same  chemical  groups  as  the 
tissues  of  the  body,  viz.,  proteids,  fiats,  carbohydrates,  salts  and 
water.  So  that  each  of  the  various  substances  which  we  make 
use  of  as  food,  contains  in  varying  proportions  several  of  the  dif- 
ferent kinds  of  nutrient  material,  either  naturally  or  artificially 
mixed  so  as  to  form  a  complex  mass,  the  important  item  water 
being  the  only  one  which  is  commonly  used  by  itself.  These 
substances  may  be  considered  to  be  the  chemical  bases  of  the 
food,  as  they  are  also  the  chemical  bases  of  the  animal  body. 

The  following  classification  shows  the  relationships  between 
the  chief  constituents  of  food,  from  a  chemical  point  of  view, 
and  their  distribution  in  the  various  substances  we  eat : — 

I.  Organic. 

1.  Nitrogenous — 

(A)  Albuminous — abundant  in  eggs,,  milk,  meat, 
peas,  wheaten  flour,  etc. 

(B)  Albuminoid — in  soups,  jellies,  etc. 

2.  Non-nitrogenous — 

(A)  Carbohydrates  (sugar,  starch) — abundant  in 
all  kinds  of  vegetable  food,  and  in  milk,  and 
present  in  small  quantity  in  meat,  fish,  etc. 

(B)  Fats — in  milk,  butter,  cheese,  fat  tissues  of 
meat,  some  vegetables,  oils,  etc. 

II.  Inorganic. 

1.  Salts — mixed  with  all  kinds  of  food. 

2.  Water — mixed  with  the  foregoing  or  alone. 
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The  nutritive  value  oi  any  kind  of  food  depends  upon  a  variety 
of  circumstances,  which  may  be  thus  summed  up : — 

I.  Chemical  coffiposition,  of  which  the  main  points  are — 

1.  The  proportion  of  soluble  and  digestible  matters  (tnie 

food  stuffs)  to  those  which  are  insoluble  and  indi- 
gestible, such  as  cellulose,  keratifi,  elastic  tissue, 
etc. 

2.  The  number  of  different  kinds  of  nutrient  stuffs  pre- 

sent in  it. 

II.  Mechanical  Construction. — The  degree  of  subdivision  in 
which  the  substance  is  introduced  into  the  stomach  materially 
influences  its  nutritive  value,  since  the  smaller  the  particles  the 
greater  the  amount  of  surface  exposed  to  the  action  of  the  di- 
gestive juices. 

The  relation  of  the  nutrient  to  the  non-nutrient  parts  is  also 
of  importance,  as  is  seen  where  the  nutritious  starch  of  various 
vegetables  is  enclosed  in  insoluble  cases  of  cellulose,  which,  if 
not  burst  by  boiling,  prevent  the  digestive  fluids  from  reaching 
the  starch. 

III.  Digestibility. — This  depends  partly  upon  how  the  sub- 
stances affect  the  motions  of  the  intestines,  and  partly  upon  their 
construction.  Thus,  some  substances,  such  as  cheese,  though 
chemically  showing  evidence  of  great  nutritive  properties,  by 
their  impermeability  resist  the  digestive  juices,  and  are  not  very 
valuable  as  food. 

IV.  Idiosyncrasy. — In  different  animals  and  in  different  indi- 
viduals, and  even  in  the  same  individuals  under  different  circum- 
stances, food  may  have  a  different  nutritive  value. 

FOOD   REQUIREMENTS. 

Chemically,  foods  are  composed  of  a  limited  number  of  ele- 
ments similar  to  those  found  in  the  animal  tissues,  viz.,  carbon, 
oxygen,  nitrogen  and  hydrogen,  together  with  some  salts.  If 
nothing  more  were  needed  by  the  economy  than  a  supply  of  these 
elements  and  salts  in  a  proportion  like  that  in  which  they  exist 
in  the  tissues,  such  could  be  easily  obtained  from  inorganic 
sources ;  but,  as  has  already  been  stated,  it  is  necessary  that  an 


FOOD    REQUIREMENTS. 


lOI 


animal  obtain  these  elements  associated  in  the  form  of  organic 
materials  of  complex  construction  (namely,  proteids,  etc.). 
Allowing  the  necessity  of  organic  food,  it  might  be  supposed  that 
since  the  elements  exist  in  proper  proportion  in  the  proteids, 
an  abundant  supply  of  proteids  would  suffice  for  all  nutritive 
purposes,  and  alone  form  an  adequate  diet.  Theoretically,  pro- 
teid  alone  ought  to  be  sufficient  for  nutrition.  It,  however,  has 
been  frequently  tested  by  experiment,  and  practically  decided, 
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Diagnm^  showing  the  proportion  of  the  principal  food  stuffs  in  a  few  typical  comestibles. 
The  numbers  indicate  pcrcenUges.    Salts  and  indigestible  materials  omitted. 

that  an  animal  will  not  thrive  upon  a  free  supply  of  pure  proteid 
food  alone;  and  in  the  human  subject  such  exclusive  diet  would 
induce  dangerous  abnormal  conditions  in  a  .short  time.  Since 
nitrogen  is  an  important  element  in  nearly  all  parts  of  the  body, 
we  could  hardly  exi)ect  that  a  diet  composed  of  non-nitrogenous 
food  stuffs  alone  could  support  the  animal  economy.  In  short, 
the  results  of  ni^erous  experiments  show  that  no  one  group  of 
the  food  stuffs  enumerated  can  alone  sustain  the  body,  but  rather 
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prove  that  a  certain  proportion  of  each  is  absolutely  necessary 
for  life. 

SPECIAL  FORMS  OF  FOOD. 

The  articles  of  diet  we  make  use  of  are  animal  or  vegetable ^ 
according  to  the  source  from  which  they  are  derived.  It  will  be 
seen  that  a  varying  quantity  of  all  chemical  classes  of  food  stuffs 
is  present  in  most  kinds  of  food,  whether  animal  or  vegetable. 
The  diagram  on  the  preceding  page  shows  the  proiX)rtion  of  the 
more  important  food  stuffs  in  some  examples  of  the  materials 
commonly  used  as  food. 

Among  animal  foods  are  included  milk,  the  flesh  of  various 
animals,  and  the  eggs  of  birds.  These  may  be  more  fully 
described  as  typical  examples. 

Milk. — For  a  certain  period  of  their  lifetime  the  secretion  of 
the  mammary  gland  forms  the  only  food  of  all  mammals,  and  it 
is  the  one  natural  product  which  when  taken  alone  affords  ade- 
quate nutriment. 

It  consists  of  a  slightly  alkaline  watery  fluid,  containing — 

1.  Proteids,  casein  and  albumin  in  solution. 

2.  Fats,  finely  divided  to  form  perfect  emulsion. 

3.  Carbohydrate,  sugar  in  solution. 

4.  Salts,  in  solution. 

5.  Water. 

Owing  to  the  action  of  certain  organisms  which  readily  propa- 
gate in  milk,  if  exposed  to  the  air  at  a  warm  temperature  for 
some  time,  if  loses  its  alkaline  reaction,  and  becomes  sonr  from 
the  formation  of  lactic  acid  from  the  milk  sugar,  by  a  kind  of 
fermentation,  the  probable  equation  for  which  may  be  written 
thus : — 

Milk  Sugar.      Lactic  Acid. 

If  fresh  good  milk  l)e  allowed  to  stand,  the  fatty  particles  tend 
to  float  to  the  surface,  thus  forming  a  layer  of  cream. 

The  milk  of  different  animals  is  similar  in  all  essential  points, 
but  differs  slightly  in  the  relative  proportion  of  the  ingredients, 
as  may  be  seen  in  the  following  table  : —  ^ 
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Human. 

Cow. 

Goat. 

Ass. 

1 

'  Water,     .    . 

1 

• 

889.08 

85705 

863.58 

910.24 

Casein.  .  .    . 
Albumin,    • 

} 

39-24            { 

48.28 
5.76 

3360 
12.99 

1  20.18 

Butter,.    .    . 

• 

26.66 

43.05 

4357 

12.56 

Milk  sugar,  . 

• 

4364 

40.37 

40.04 

}  57.02 

,  Salts,    ,    .    . 

• 

1.38 

5-49 

6.22 

•    Solids,.    .    . 

• 

1 10.92 

142.95 

136.42 

89.76 

1000. 

1000. 

1000. 

1000. 

Milk  varies  both  in  the  amount  of  solids  in  solution  and  fat, 
according  to  the  age  and  general  condition  of  the  animal,  period 
of  lactation,  time  of  day,  etc. 

Since  human  milk  is  much  poorer  in  proteid,  fat  and  salts  (see 
Table),  and  richer  in  sugar,  than  that  of  the  cow  and  other 
domestic  animab,  it  is  necessary  to  dilute  the  latter  with  water, 
and  add  sugar,  when  it  is  substituted  for  human  milk  in  feeding 
infants. 

The  great  value  of  milk  as  nutriment  depends  upon  the  fact 
that  it  contains  every  class  of  food  stuff,  viz.,  proteids,  fat,  carbo- 
hydrates, salts  and  water,  in  the  proportion  demanded  by  the 
economy ;  the  salts  in  milk  being  those  required  for  building  up 
the  bones  of  the  infant,  viz.,  phosphates  and  carbonates  of  lime, 
etc. 

The  normal  variations  in  these  proportions  are  njot  very  great, 
but  as  adulteration  with  water  is  common,  a  knowledge  of  the 
method  of  testing  the  purity  of  milk  is  necessary. 

Milk  Tests. — The  specific  gravity  of  milk  gives  an  easy  measure 
of  the  solids  in  solution,  but  unfortunately  it  gives  no  accurate 
estimate  of  the  amount  of  fat  suspended  in  the  emulsion.  There- 
fore, to  test  milk  adequately  two  methods  must  be  employed : 
one  to  estimate  the  degree  of  density  of  solution,  and  the  other 
the  degree  of  opacity  of  the  emulsion. 

I.  To  test  the  density,  a  specially  graduated  form  of  hydro- 
meter is  generally  used.  This  is  graduated  so  as  to  indicate 
specific   gravities  from    1014   to   1042.     The   latter   being   the 
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maKimum  density  of  pure  milk  (the  average  being  about  1030), 
and  the  fonner  being  about  the  density  of  pure   milk  when 
mixed  with  an  equal  bulk 
'  **  of  water.     Every  reduction 

of  3  in  the  specific  gravity 
may  be  said  to  correspond 
to  about   10  per  cent,  of 

II.  The  degree  of  opa- 
city is  estimated  by  the 
amount  of  water  required 
(o  render  a  small  quantity 
of  milk  sufficiently  trans- 
lucent to  allow  a  candle 
fiame  to  be  seen  through 
a  layer  of  the  mixture  one 
Micmuopic  appuraDcc  of  milk  In  the  eaity  tagt     ccntimetrc     thick.      One 

of  lAcutiDn.ihDviikffCDLoilruin  cells  (ii).  ,  ■  ^-        ^  r       i 

cubic  centimetre  of  the 
milk  (which  has  been  shown  by  the  microscope  and  the  iodine 
test  not  to  contain  chalk  or  starch)  is  placed  in  a  test  glass  with 
flat  parallel  sides,  just  one  centimetre  apart,  and  water  is 
cautiously  added  from  a  graduated  pipette.  The  more  water 
required  the  richer  the  milk  is  in  fat;  good  fresh  milk  requires 
about  70  times  its  bulk  of  water  to  become  translucent. 

Another  method  employed  for  (he  same  purpose  consists  in  the 
comparison  of  the  color  produced  by  a  layer  of  milk  1  mm.  thick 
in  a  black  cell  with  a  previously  prepared  standard  of  grayish 
colors. 

The  quantity  of  fat  may  also  be  estimated  by  placing  the  milk 
in  a  tall  graduated  vessel  for  twenty-four  hours,  at  the  end  of 
which  time  it  should  show  at  least  10  per  cent,  of  cream. 

Butter  is  made  from  milk,  or  better  from  cream,  by  breaking, 
by  agitation,  the  coating  of  proteid  which  before  churning  pre- 
vents the  oil  globules  from  running  together.  It  is  almost  com- 
pletely com[H>sed  of  fat,  the  larger  globules  having  run  together 
to  form  the  solid  butter,  which  can  be  removed,  leaving  some 
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small  fat  globules  with  the  proteids,  milk  sugar,  lactic  acid,  and 
salts  in  the  water  forming  "  buttennilk. "  * 

Cheese  is  another  form  of  food  made  from  milk  by  precipitating 
the  proteid  either  by  lactic  fermentation  or  the  addition  of  rennet 
— an  extract  of  calves*  stomach  which,  without  the  presence  of 
any  acid,  curdles  milk — ^and  draining  off  the  solution  of  milk 
sugar,  and  salts  (whey).  It  contains  most  of  the  proteid  and.  a 
great  deal  of  the  fat  of  the  milk.  During  the  ripening  of  the 
cheese  more  fat  is  formed,  apparently  from  the  proteid  while 
leucin  and  tyrosin  also  appear. 

Meat, — We  use  the  flesh  of  the  vegetable-feeding  mammals 
and  birds  that  are  most  easily  obtainable,  and  many  kinds  of 
fish.  The  invertebrate  animals,  mostly  shellfish,  needly  hardly  be 
mentioned  in  a  physiological  dietary,  and  are  not  spoken  of  as 
meat. 

As  it  comes  from  the  butcher,  meat  consists  of  many  of  the 
animal  tissues,  the  chief  ones  being  flesh  (muscle  tissue),  fat  and 
some  sinews  (fibrous  tissue).  The  fleshy  or  lean  part  of  meat 
is  chiefly  made  up  of  nitrogenous  materials,  and  contains:  (i) 
Several  proteids,  chiefly  the  globulin,  myosin;  (2)  gelatine  yield- 
ing substances ;  (3)  carbohydrates,  as  inosit  and  grape  sugar ; 
(4)  small  quantities  of  fat :  (5)  several  inorganic  salts ;  (6) 
extractives. 

Meat  may  be  eaten  raw,  but,  as  it  is  impossible  to  impart  to  it 
the  various  flavors  which  our  artificial  tastes  demand  without 
some  special  preparation,  it  is  generally  cooked  before  use. 
Moreover,  the  not  infrequent  occurrence  in  muscle  of  parasites 
which  would  prove  injurious  if  swallowed  alive,  makes  the 
exposure  of  meat  to  a  temperature  high  enough  to  ensure  their 
destruction  advisable. 

Apart  from  pleasing  the  taste,  it  is  of  great  importance  so  to 
prepare  meat  as  to  preserve  in  it  all  the  nutrient  parts,  many  of 
which  are  soluble  in  water,  and  therefore  are  apt  to  be  removed 
\{  that  solvent  be  injudiciously  used.  Thus,  the  process  of  roast- 
ing, in  which  all  its  nutrient  parts  are  retained,  ought  to  be  more 


*  For  the  detafls  of  secretion  of  milk,  etc.,  see  Mammary  Gland. 
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satisfactory  than  boiling,  by  which  the  salts,  extractives,  carbo- 
hydrates, gelatine,  and  some  albumin  may  be  dissolved  by  the 
water.  However,  if  the  meat  be  plunged  into  water  which  is 
already  boiling,  the  proteids  near  the  surface  are  rapidly  coagu- 
lated, and  the  water  cannot  reach  the  central  parts  in  sufficient 
quantity  to  remove  even  the  soluble  ingredients.  The  whole  of 
the  albuminous  parts  may  be  thus  coagulated  as  the  temperature 
of  the  inner  parts  rises  to  boiling  point.  In  treating  meat  to 
obtain  '* stock*'  (bouillon)  for  the  foundation  of  soups,  the 
opposite  procedure  is  adopted.  Cold  water  is  used,  and  the  tem- 
perature slowly  and  gradually  raised,  but  not  quite  to  boiling 
point,  in  order  that  as  much  as  possible  of  the  soluble  materials 
may  be  extracted,  and  a  tasteless  friable  muscle  tissue  remains 
^  ("  bouilli  *').  As  the  fluid  is  generally  allowed  to  boil  in  order 
to  clear  it,  much  of  the  proteid  material  which  was  dissolved  in 
the  earlier  stage  is  coagulated  and  removed  with  the  scum. 
Although  "stock"  cannot  contain  any  great  proportion  of  the 
most  important  constituents  of  meat,  it  is  of  much  value  as  a 
nutriment  in  medical  practice,  possibly  on  account  of  some 
stimulating  action  of  its  ingredients  upon  the  motions  of  the 
intestines  and  heart.  A  strongly  albuminous  extract  of  meat, 
'*  beef-tea,'*  may  be  made  by  digesting  flesh  in  a  small  quantity 
of  water,  keeping  the  temperature  below  that  at  which  albumin 
coagulates,  and  adding  vinegar  and  salt  to  facilitate  the  forma- 
tion of  syntonin  and  the  solution  of  myosin.  The  salt  can  be 
then  removed  by  dialysis. 

Eggs. — Eggs  consist  of  two  edible  parts ;  one,  the  white,  com- 
posed of  albumin,  and  the  other,  the  yelk,  chiefly  made  up  of  fat. 

The  white  is  a  concentrated,  watery  solution  of  albumin,  held 
together  by  delicate  membranous  meshworks.  Besides  the  albu- 
min it  contains  traces  of  fat,  sugar,  extractives  and  salts. 

The  yellow  fat  emulsion  of  the  yelk  contains  a  peculiar  i)roteid, 
vitellin,  some  graj)e  sugar,  and  some  inorganic  salts,  in  which 
combinations  of  phosphoric  acid  and  potassium  are  conspicuous. 
Raw  eggs  are  easy  of  digestion,  as  is  all  albumin  in  solution. 
Hard-boiled  eggs,  if  not  finely  divided  by  mastication,  are  very 
difficult  to  digest,  for  the  gastric  juice  cannot  penetrate  the  hard 
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masses  of  coagulated  albumin  which  are  so  easily  and  commonly 
swallowed.  Eggs,  when  lightly  cooked,  are  easily  digested,  as 
the  albumin  is  only  partially  coagulated,  and  cannot  be  intro- 
duced in  large  masses  into  the  stomach.  Eggs  are  of  very  great 
nutritive  value,  as  they  contain  so  large  a  percentage  of  proteid, 
fat  and  salts. 

Vegetable  Food. — ^Vegetables  differ  from  animal  food — 

(i)  In  containing  a  much  greater  proportion  of  material 
which  for  man  is  indigestible  (cellulose),  and  a  less  proportion 
of  nutritive  material. 

(2)  The  percentage  of  proteid  is  below  that  of  animal  food, 
and  the  proportion  of  carbohydrates  is  generally  much  greater, 
while  the  amount  of  fat  is  small,  but  varies  considerably.  In 
order,  therefore,  to  get  the  required  amount  of  nutritive  material 
from  a  purely  vegetable  diet,  it  is  necessary  to  consume  a  much 
greater  quantity,  and  the  amount  of  excrement  indicating  the 
indigestible  matters  is  proportionately  increased. 

Cereals. — The  most  valuable  forms  of  vegetable  foods  are  those 
obtained  from  the  seeds  of  certain  kindred  plants- {Grami/iacere) — 
wheat,  rye,  maize,  oats,  rice,  etc. ;  which  when  ground  are  used 
either  as  "whole  meal,"  or,  the  integument  (*'bran")  being 
removed,  as  flour.  They  contain  diflFerent  kinds  of  proteid. 
(i)  A  native  albumin  soluble  in  water  and  coagulable  by  heat, 
and  in  many  respects  like  animal  albumin ;  but,  as  it  cannot  be 
obtained  pure,  it  is  imperfectly  known.  (2)  Vegetable  fibrin, 
an  elastic  body,  which  coagulates  spontaneously  and  is  difficult 
to  separate.  (3)  Vegetable  glue  or  gliadin,  which  gives  the 
peculiar  adhesiveness  to  the  gluten^  as  the  proteid  mixture  obtain- 
able from  corn  is  commonly  called.  Cereals  also  contain  traces 
of  fat,  and  a  very  large  proportion  of  starch  and  some  salts. 

Green  Vegetables. — These  contain  some  starch,  sugar,  dextrin, 
salts,  and  minute  quantities  of  proteid,  and  are  of  small  nutritive 
value. 

Potatoes  contain  very  little  proteid,  but  a  considerable  quantity 
of  starch,  upon  which  their  nutritive  value  almost  entirely 
depends. 

The  following    tables  give    the  relative   proportions  of  the 
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various  nutritive  materials  contained  in  some  of  the  common 
cereals  and  vegetable  foods : — 


Water,  .  .  . 
Proield,  .  .  . 
Fats.  .... 
Carbohydrates, 
Salts,  .... 


Wheat. 

Barley. 

Oats. 

Maize. 

13. 

14.48 

10.88 

12. 

13.53 

12.26 

9.04 

7.91 

1.58 

2.63 

4. 

4.83 

69.61 

67.96 

73-49 

7319 

2. 

2.65 

2.59 

1.28 

Water,  .    .    .    . 
Proleid,     .    .    . 
Carbohydrates, 
Extraciive,    .    , 

Fats 

Salts,     .    .    .    , 


Peas. 

Beans. 

Potatoes. 

14.50 

12.85 

72.74 

22.35 

22. 

1.32 

56.61 

56.65 

23.77 

1. 18 

3-32 

•97 

I  96 

«.59 

.15 

2.37 

2.53 

1.05 

1 

Cauliflover.  i 


79.18 
.50 
18. 


.7 


The  most  striking  points  are  the  very  large  proportion  of  pro- 
teid  in  the  leguminous  fniits,  and  the  comparative  richness  of  all 
vegetables  in  starchy  food  stuffs. 

Water  is  the  great  medium  by  which  food  is  dissolved  and 
made  capable  of  ingestion.  Spring  water  always  has  a  certain 
quantity  of  lime  and  other  salts  in  solution,  and  in  proportion  to 
the  amount  of  salts  is  said  to  be  ''soft"  or  ''hard."  Water  is 
tasteless,  inodorous  and  colorless  when  pure.  Soft  water,  such 
as  rain  water,  is  pure,  but  not  so  agreeable  to  taste  as  spring 
water,  and  is  very  liable  to  contamination  in  passing  through 
gutters,  etc.,  previous  to  collection.  Standing  water  should  be 
avoided  for  drinking,  owing  to  the  probability  of  its  containing 
organic  matter. 

Since  water  is  known  to  be  a  common  means  of  communi- 
cating disease,  care  must  be  taken  as  to  the  source  of  drinking 
water,  and  we  should  be  able  to  form  an  opinion  as  to  its  purity 
when  its  source  is  not  known.  It  is,  perhaps,  impossible  to 
detect  in  it  the  specific  impurity  which  causes  any  disease,  but 
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there  are  some  characters,  supposed  to  be  commonly  associated 
with  its  pathogenic  properties,  which  can  be  easily  recognized, 
and  should  be  familiar  to  a  student 
of  Physiology.     The  want  of  bril-  fia  44. 

liant  limpidity  must  be  regarded 
with  suspicion.  Any  kind  of  smell, 
disagreeable  or  not,  indicates  im- 
purity. The  reduction  (loss  of 
color)  of  permanganate  of  potash, 
when  added  in  small  quantity  to 
aciditied  water,  indicates  the  pro- 
bable presence  of  organic  matter. 
A  high  percentage  of  chlorides  is 
often  associated  with  sewage  con- 
tamination. ,;^i„„   ^  p„     .h„„i.„  .„_.h    ,„j 

Sails.— GreaX  varieties  of  salts 
are  taken  into  the  system,  of  which 
chloride    of    sodium    forms    the  ":  iJU^^X^sV^™". 

largest  proportion.      These    have, 

no  doubt,  very  important  functions  to  perform,  in  entering  into 
combtnation  with  the  various  tissues,  and  also,  probably,  in 
aiding  the  chemical  changes  of  parts  of  which  they  do  not  form 
a  normal  constituent.  They  help  to  render  certain  substances 
soluble,  and  stimulate  the  cells  of  certain  glands  to  more  active 
secretion,  e.g.,  the  kidney  excretes  more  urea  when  there  is  an 
abundant  supply  of  common  salt  in  the  food. 


miDpUum  of  th 
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CHAPTER  VI. 
THE  MECHANISM  OF  DIGESTION. 

The  acts  of  digestion  may  be  divided  into  mechanical  and 
chemical  processes.  Under  the  mechanical  processes  come  the 
arrangements  for  the  subdivision,  onward  movement  and  general 
mixture  of  the  food.  The  chief  objects  of  the  chemical  chdj\gc& 
may  be  said  to  be  the  change  from  the  insoluble  to  the  soluble 
form  of  certain  kinds  of  food  stuffs  (starch  and  proteids)  and 
the  finer  subdivision  of  others,  such  as  fats,  which  do  not  dissolve 
in  the  intestinal  secretions  or  in  the  juices  of  the  Dody. 

Attention  has  already  been  called  to  the  fact  that  there  are 
different  kinds  of  contracting  textures,  and  that  they  are  capable 
of  different  kinds  of  motion,  some  slow  and  steady,  some  rhyth- 
mical, some  sharp,  short  and  sudden.  It  must  also  be  remem- 
■bered  that  the  more  energetic  and  sudden  the  motions  are,  the 
more  marked  becomes  the  differentiation  of  the  tissue.  Thus  the 
active,  (juick-contracting  skeletal  muscles  and  the  rhythmically 
acting  heart  are  made  up  of  tissue  which  is  very  distinct  in 
structure  and  in  mode  of  action  from  that  of  the  contracting  cells 
composed  of  ordinary  protoplasm,  while  in  the  slowly  moving 
internal  organs  we  meet  tissue  elements  which  in  different  ani- 
mals show  many  stages  of  gradation  between  simple,  undifferen- 
tiated protoplasm  and  the  special  striated  muscle  tissue. 

It  is  necessary  that  in  the  first  stages  of  alimentation  the 
motions  should  be  quick  and  energetic ;  so  the  mouth,  pharynx 
and  upper  part  of  the  oesophagus  are  suj)plied  with  striated  mus- 
cle tissue,  which  differs  in  function  and  structure  from  that  of 
the  rest  of  the  alimentary  canal.  In  the  stomach  and  intestines 
slower  and  more  gradual  kinds  of  motion  are  required,  and  here 
we  find  a  good  example  of  non-striated  muscle  tissue. 

Around  the  extremity  of  the  rectum  is  a  band  of  smooth  mus- 
cle, which  remains  in  a  condition  of  continuous  or  tonic  contrac- 
tion. 


For  further  details  concerning  the  muscle  tissue  the  student 
iiust  turn  to  the  Chapter  (xxiv)  on  that  subject.     Here,  how- 


tion  of  the  Caniiw  Tot 
ly:  W  Cnitii  pelraia. 


StrucEaral  ckncnl 


Diatninof  AlimenUryTracl.  etc.  An- 
^  of  DiDiilh  ilit  lo  ihow  ihe  back  of 
ihc  buccal  cavity  and  the  top  of  ihe 
f*ar)nix.  (c)  Cardiac;  (>)  Pyloric 
PaiQ  oT  tlomach ;  U\  Diwdenum ;  (0 
^™™™.llio^;VtA«endin.; 
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ever,  it  may  not  l>e  out  of  place  to  describe  briefly  the  special 
character  of  the  muscles  found  in  the  wall  of  the  digestive  tube 

and  their  general  arrangement. 

Mastication. — In  man,    the   introduction  of  food   into   the 
mouth  is  generally  accomplished  by  artificial  means,  so  that  the 
biting  teeth  (incisors)  and  the  tearing  teeth  (canines)  (Fig.  46) 
are  comi^ratively  little  used   for    obtaining   a  suitable   morsel 
of  food.     In  the  mouth,  the  essential  act  of  chewing  or  mastica- 
tion is  accomplished  by  means  of  the  motions  of  the  lower  jaw, 
the  tongue  and  the  cheeks.     This  process  of  breaking  up  the 
solid  parts  of  the  food  ought 
to   be  continued    until  all 
hard  substances  are  ground 
into  a  soft  pulp. 
^  _        Structure  of  tfu  Teeth. — 

The  exposed  part  of  the 
teeth  is  covered  by  a  dense 
substance  of  flinty  hardness 
called  enamel,  which  is  de- 
veloped from  the  epitheliunn, 
and  consists  of  hexagonal 
prisms  set  on  end,  which  are 
really  modified  epithelial 
cells,  but  only  contain  about 
2  per  cent,  of  animal  matter 
(Fig.  47),  The  bulk  of  the 
f  tooth  is  madeupof  i/^nA'«<^,a 

substancelike  bone  inconifK>- 
c    sition,  pierced  by  numerous 
fine  canals — dentine  tubules 

Seclion  Ibrough  a  portion  of  Ihe  Fang  of  a  Toolh.  ...  , .  ,      , 

(nl  DtnHntiubuiMMariiiomraMofihtfing;  — which  radiate  toward  the 

W  Granular  Uy».  W  Cru,upc.ro.a.  ^^^^^^^^  ^^^^  the/«// far/V,.. 

in  the  centre  of  the  tooth.  Filaments  of  protoplasm  nin  in  the 
dentine  tubules  from  the  tooth  cells,  which  line  the  pulp  cavity 
and  preside  over  the  nutrition  of  the  tooth.  The  cavity  contains 
vessels,  nerves,  etc.,  which  enter  at  the  root  of  the  tooth,  which 
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is    enclosed  in  a  kind   of  modified   bone   tissue  called   crusta 
peirosa. 

The  tijv'o  rows  of  grinding  teeth,  composed  of  molars  and  pre- 
molars, of  the  lower  jaw  are  made  to  rub  against  the  corresi)ond- 
ing  teeth  in  the  fixed  upper  jaw  by  the  combined  vertical  and 
horizontal  movements  induced  by  the  action  of  the  powerful  mus- 
cles of  mastication,  the  temporal  muscles,  together  with  the  mas- 
seters  and  internal  pterygoids,  all  tending  by  their  contraction 
to  elevate  the  lower  jaw  and  bring  the  teeth  forcibly  together. 
This  action  is  opposed  by  the  digastric,  the  genio-  and  mylo-hyoid 
muscles,  which  by  their  combined  force  depress  the  jaw  and 
separate  the  teeth.  The  horizontal  movements  are  in  the  main 
accompli.shed  by  the  external  pterygoid  muscles,  which,  acting 
together,  pull  the  lower  jaw  forward  so  as  to  make  the  lower 
teeth  protrude  beyond  the  upper.  In  this  action  they  are 
opposed  by  the  digastric  and  hyoid  muscles.  One  external 
pterygoid  on  either  side  acting  alone,  advances  that  side  of  the 
lower  jaw  only,  and  thereby  caases  the  lower  teeth  to  incline 
toward  the  opposite  side  in  a  lateral  direction.  The  two  muscles 
acting  alternately  cause  a  horizontal  motion  from  side  to  side. 
Thas,  while  the  lower  teeth  are  pressed  firmly  against  the  upper 
ones,  they  are  at  the  same  time  made  to  glide  over  them,  either 
from  side  to  side  or  backward  and  forward.  By  these  move- 
ments the  bruised  food  is  soon  pushed  from  between  the  teeth, 
and  pas.ses  toward  either  the  tongue  or  cheek.  The  morsel  is 
soon  replaced  between  the  teeth  by  the  action  of  the  tongue  on 
the  one  hand  and  the  buccinator  muscle  in  the  cheek  on  the 
other. 

While  the  process  of  mastication  is  going  on,  the  food  becomes 
thoroughly  moistened  with  the  fluid  secreted  within  the  mouth. 

Deglutition. — The  next  step  is  swallowing.  When  the  food 
is  sufficiently  triturated  and  moistened,  it  is  collected  together  by 
means  of  the  tongue  and  placed  upon. the  upper  surface  of  that 
organ,  which  becomes  concave  and  presses  or  rolls  the  soft  pulp 
against  the  hard  palate  so  as  to  shape  it  into  an  oblong  mass  or 
10 
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bolus  (Fig.  5i).     The  apex  of  the  tongue  is  now  raised  and 

pressed  against  the  hard  palate,  and  by  the  successive  elevations 
of  the  different  parts  of  the  dorsum  of  the  tongue  the  bolus  is 
gradually  pushed  backward  toward  the  isthmus  of  the  fauces. 


Imobiiul  ;  "A'"cro»'ng  paH';^"  oXntobl^^l^iml 


The  Pletygoitl 
of'?heU)w4r 
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The  root  of  the  tongue  with  the  hyoid  bone  is  at  the  same  time 
drawn  upward  and  forward,  so  that  the  bolus  easily  slips  down 
along  the  retreating 
slope  leading  from 
the  mouth  cavity, 
and  gets  within  the 
reach  of  the  constric- 
tors of  the  fauces.  ^ 
Immediately  before 
the  morsel  of  food  is 
grasped  by  the  mus- 
cles of  the  fauces,  the 
levator  palati  draws 
the  soft  palate  up- 
ward and  backward 
to  completely  close 
the  posterior  open- 
ings of  the  nasal  cav- 
ity, as  is  shown  by 
the  fact  that  during 
the  act  of  swallow- 
ing the  pressure  in 
the  nasal  cavity  is 
raised.  At  the  same 
moment  the  intrinsic 
muscles  of  the  larynx, 

which    surround     the  MuKla  of  Tanfuc  aiid  Phirrnii. 

rima  glottidis  like  '■  Ji^;X'S'phT^^J°l?:^^i*?";'6,TriS 
a  constrictor,  firmly  :^^°:^;^»-^;^"-rir^;?;7,7.<^^^Sirrii™;,T'*" 
close    that    opening 

by  approximating  the  cords  and  arytenoid  cartilages.  The  entire 
larynx  is  at  the  same  time  drawn  up  behind  the  hyoid  bone  by  the 
thjTO-hyoid  muscle.  The  rima  glottidis  is  thus  tucked  in  under 
the  cushion  of  epiglottis,  while  the  leaf  of  the  epiglottis  is  pulled 
down  over  the  larynx  by  the  oblique  aryteno-epiglottidean  and 
thyro-epiglottidean  muscles. 
While  the  closure  of  the  nasal  and  pulmonary  air  passages  is 
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going  on,  the  bolus  has  passed  out  of  the  cavity  of  the  mouth 
and  has  been  caught  by  the  [lalato-glossal  and  palato- pharyngeal 
muscles,  which  force  it  into  the  pharynx  and  at  the  same  time 
close  the  isthmus  faucium  behind  the  descending  morsel.     The 
stylo-pharyngeis  and  the  pharyngeal  constrictors  now  grasp  the 
bolus  spasmodically,  and  the  latter  contract  in  rapid  succession, 
moving  the  bolus  onward,  and  drawing  themselves  over  it,  pass 
it  on  to  the  oesophagus,  where,  by  a  progressing  ring-like  con- 
traction  of  the  circular 
muscles  and  a  simulta- 
neous shortening  of  (he 
longitudinal     layer    of 
fibres,  the  mass  is  slowly 
squeezed  down   to   the 
cardiac  orifice  of    the 
stomach.       The    move- 
ments of  the  cesophagus 
are  essentially  peristal- 
tic   in    character,     the 
peculiarities   of   which 
form  of  motion  will  be 
discussed   when    speak- 
ing  of    the    intestinal 


The  process  of  swal- 
lowing is  performed  by 
a.  continuous  series  of 
coordinated  muscular 
movements,  quite  inde- 
l)endent  of  gravitation, 
as  may  be  seen  in  ani- 

D«p  MihcIb  of  Check,  Phunrni,  tic.  ,  j    ■     ,  ■  ■    . 

(,)  OrbLcul™  ori,:   (,)  huccin-lor;    (,)  superior.  [4)       "^'^         drinking        With 

W«l'oXu'M;)'^°Iio^-t""  ^"'cr^"!?"^     tt^eir  heads  downward. 

:Sd «"Sl£'g.TT  (^'?«  ^'-^^^^^^  Although    these     com- 

plex  sets  of  movements 

follow  each  other  regularly  and  without  any  check  or  interval, 

the  act  of  deglutition  is  commonly  divided    into  three  stages, 
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between  which,  as  there  is  no  pause,  it  is  not  easy  to  draw  a  hard 
and  fast  line. 

l"he  first  stage  is  simply  the  initiatory  slep  of  placing  the 
morsel  of  food  or  some  liquid  in  such  a  position  as  to  excite  the 
second  or  spasmodic  act  of  deglutition.  Iliis  first  stej)  is  a  vol- 
untary act,  and  it  is  the  only  part  of  the  movements  of  swallow- 
ing over  which  we  can  exert  complete  control.  The  progress  of 
the     moreel     between     the  p^^ 

tongue  and  palate  toward 
the  fauces  may  be  as  slow 
and  gradual  as  we  wish, 
but  the  moment  a  certain 
point  is  reached  volition 
is  at  an  end,  and  we  are 
unable  to  check  the  com- 
pletion of  the  act. 

By  the  se<ond  stage  is 
meant  the  i^eriod  occupied 
by  the  passage  of  the  food 
bolus  through  the  pharynx 
and  past  the  top  of  the 
larynx.  Although  we  are 
not  able  to  influence  it  in 
any  way  by  our  will,  we 
are  conscious  of  the  food 
pa-ssing  in  this  region.  It 
is     a     rapid,     involuntary 

spasm    in   which    a    great  Tniiisver«  Kcnon  oi  cEwpimgus, 

number    of    muscles     take  (//^n/*/.) 

_-.       n      ^       i_  ■    t.  »        *'  Ouier  fibrous  covcrliiE. 

part,  all  of  which  are  made    i.  BunOiaoriongitudiiuJmujckniiicrou. 
up  of  striated  muscle  tissue.    S.  sXmiS^"™VtltVgUnd"'in''i«'i'iDn.' 
The  third  stage  includes    '/  ^^"^V^^^fi'^T.^t^'*'*- 
all    the    rest   of   the    time   r.  sit«ifi=d.piih=imn.. 
during  which  the  bolus  is  passing  from  the  grasp  of  the  lower 
pharyngeal  constrictor  and  along  the  cesophagus.     Not  only  has 
our  will  no  influence  over  this  stage  of  deglutition,  but  we  are 
hardly  conscious  of  its  taking  place,  since  no  sensations  accompany 
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the  greater  part  of  it.  Thus  the  more  essential  movements  of  the 
act  of  swallowing  are  purely  reflex  and  involuntary,  though  we 
can  call  forth  this  series  of  reflexions  by  voluntary  stimulation  of 
a  certain  part  of  the  fauces  by  means  of  a  morsel  of  food  or  a  drop 
of  liquid,  and  without  such  a  stimulus  as  food  or  liquid  we 
cannot  by  our  will  excite  swallowing.  We  think  we  can  perform 
the  muscular  movements  of  swallowing  when  we  please,  without 
any  food  or  fluid,  but  in  this  we  are  mistaken,  as  careful  observa- 
tion of  our  own  jjerformance  of  the  act  will  show. 

The  pharyngeal  spasm  is  always  preceded  by  the  deposition  in 
the  region  of  the  isthmus  faucium  of  some  drop  of  saliva  col- 
lected from  the  mouth  or  fauces  themselves.  In  fact,  without  a 
slight  preliminary  movement  of  the  posterior  part  of  the  tongue 
— which  might  be  called  the  last  act  of  mastication — the  more 
essential  stages  of  deglutition  cannot  be  excited. 

Nervous  Mechanism  of  Mastication  and  Deglutition. 

— The  voluntary  influences  which  regulate  the  motions  of  the 
muscles  of  mastication  pass  along  the  efferent  branches  of  the 
fifth  nerves  (trigemini)  which  accompany  its  inferior  division. 
The  muscles  which  depress  the  jaw  to  open  the  teeth  and  the 
intrinsic  muscles  of  the  tongue  are  supplied  by  the  ninth  pair  of 
nerves  (except  the  posterior  belly  of  the  digastric,  which  has  a 
branch  from  the  facial,  and  the  mylohyoid  and  anterior  belly  of 
the  digastric,  which  are  supplied  from  the  third  division  of  the 
fifth).  The  coordination  of  the  movements  of  mastication  and 
suction  seem  to  reside  in  the  medulla  oblongata,  but  are  obvi- 
ously under  the  control  of  the  w^ill. 

The  afferent  impulses  which  excite  the  nerve  centres  in  the 
medulla,  and  give  rise  to  reflex  acts  which  cause  the  swallowing 
movements,  j^ass  from  the  mucous  membrane  of  the  fauces  along 
(i)  the  descending  palatine  branches  of  the  spheno-palatine 
ganglion  and  the  second  division  of  the  trigeminus,  also  along 
(2)  the  pharyngeal  branches  of  the  superior  laryngeal  branch  of 
the  vagus  to  the  medulla,  where  the  coordination  of  pharyngeal 
spasm  and  oesophageal  peristalsis  is  accomplished.  Thence  the 
efferent  impulses  pass  by  (i)  the  hypoglossal  to  the  hyoid  and 
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glossal  muscles,  (i)  the  glosso -pharyngeal  and  vagus  to  the 
pharyngeal  plexns  to  supply  the  constrictors,  and  (3)  the  facial 
and  fifth  to  supply  the  fauces  and  palate,  as  indicated  by  their 
anatomical  distribution. 

The  act  of  deglutition  can  be  readily  excited  in  an  animal 
which  is  deprived  of  all  the  nerve  centres  down  to  the  medulla 
oblongata,  and  may  also  be  seen  in  those  human  monstrosities 
(anencephalous  fcetus)  without  the  upper  part  of  the  brain  being 
developed,  but  which  can  notwithstanding  both  suck  and  swallow. 

The  movements  of  the  cesophagus  are  reflections  from  the  cen- 
tral ner>-ous  system  (medulla),  both  sets  of  impulses  ([jossibly 
the  afferent  and  certainly  the  efferent)  passing  along  the  branches 
of  the  vagus. 

It  would  appear  that  the  normal  peristaltic  movements  of  the 
oesophagus  are  always  initiated  by  a  pharyngeal  spasm,  and  that 
they  form  an  inseparable  sequel  to  it.     ThiLS  the  wave  of  con- 
traction passes  along  the  entire  length  of  the  oesophagus  even 
when  the  bolus  is  stopped  mechanically,  and,  on  the  other  hand,  a 
body  introduced  into  the  oesoph- 
agus   without    passing    through  "  "* 
the    pharynx    excites    no    peri- 
staltic  wave,  and    remains   mo- 
tionles-s. 

But  it  has  been  observed,  in  ^ 

apparent    contradiction    to   the  ^ 

foregoing    statement,    that    the 

oesophagus  when  removed  from  ' 

the  body,  and   therefore  quite 

independent  of  the  pharynx  and  ' 

its  nervous  connections,  can  be  '  ^ 

excited  to  move  peristal tically. 

,  "^  ,    „        '  Diagnm  of  Wall  ofllit  SlomscK,  iKow- 

In    this    case    the    medulla   or       ingihereiaiiitihictnesjoiihenmcoin 

.     ,     .  Ricnihinc  U.  i.  c)  and  the  tranivcnc 

vagus  can  have  no  part  m  bring-        in.nbuqut  i>)aiiiliDngiiuiiinainni.i:k 
ing  about   this  wave  of  move- 
ment.    To  explain  this  discrepancy,  it  may  be  urged  that  the  local 
ner\'e  and  miiscle  mechanism  in  the  tissues  of  the  cesophagus  are 
capable  by  themselves  of  carrying  out  peristaltic  contraction 
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independently  of  the  central  nerve  organs,  but  that  this  power  is, 
under  ordinary  circumstances,  held  in  check  by  the  vagus.  The 
inhibition  is  temporarily  suspended  as  a  sequence  of  pharyngeal 
spasm,  and  consequently  a  wave  of  peristaltic  contraction  is 
excited  in  the  (Esophageal  muscles,  either  in  response  to  the  direct 
stimulus  of  a  passing  bolus,  or  as  a  result  of  impulses  reflected 
along  the  vagus  channels  from  the  medulla. 

Motion  of  the  Stomach. — The  stomach  and  greater  i>art 
of  the  intestinal  tract  move  freely  within  the  abdomen,  being 
covered  by  the  smooth  serous  lining  of  that  cavity,  which  also 
keeps  in  position,  so  as  to  restrict  their  movements,  those  parts, 
such  as  the  duodenum,  into  which  the  ducts  of  large  glands  open. 
When  the  stomach  is  empty  it  hangs  with  the  great  curvature 
downward,  and  the  muscular  coats  are  quiescent.  On  being 
filled  it  is  passively  rotated  on  its  long  axis,  so  that  the  greater 
curvature  is  turned  forward,  here  meeting  with  less  resistance, 
and  the  lesser  curvature  is  turned  backward  to  its  line  of  attach- 
ment. In  the  main,  the  motions  of  the  stomach  are  peristaltic. 
They  become  very  active  about  fifteen  minutes  after  the  intro- 
duction of  food,  and  gradually  become  more  and  more  energetic 
until  the  end  of  stomach  digestion,  which  lasts  about  five 
hours. 

The  result  of  the  peristaltic  motion  is  to  move  the  food,  par- 
ticularly the  part  next  the  gastric  wall,  along  the  great  curvature 
toward  the  pylorus.  A  back  current  toward  the  cardiac  extremity 
has  been  noticed  running  along  the  lesser  curvature  and  the 
median  axis  of  the  food  mass.  At  the  same  time  a  peculiar  rota- 
tory motion  of  the  gastric  wall  takes  place,  similar  to  that  of 
rolling  a  ball  between  the  palms  of  the  hands,  so  that  the  food  is 
twisted  in  a  given  direction,  and  the  deeper  lying  portion  is 
brought  into  contact  with  the  mucous  membrane. 

While  the  fundus  keeps  up  considerable  pressure  on  the  con- 
tents of  the  stomach,  the  indistinct  peristaltic  action  of  the  cen- 
tral parts  is  intensified,  on  nearing  the  pylorus,  into  a  strong 
circular  contraction,  which  proceeds  as  a  definite  wave  toward 
the  pyloric  valve,  through  which  it  gradually  forces  the  more  or 
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less  digested  food.  At  first  only  the  fluid  parts  are  allowed  to 
pass,  but  toward  the  later  stages  of  digestion  the  fatigued  pyloric 
muscle  admits  solid  masses  into  the  duodenum. 

Nerve  Influence  on  Stomach  Motions. — The  stomach 
has  nerve  connections  with  the  cerebro-spinal  axis  through  the 
vagi,  and  the  splanchnic  branches  of  the  sympathetic,  and  in  the 
walls  of  the  organ  itself  are  numerous  ganglion  cells.  The  sym- 
pathetic connections  do  not  seem  to  have  any  influence  on  the 
muscular  coats,  for  neither  their  stimulation  nor  section  has  any 
marked  effect  on  their  movements.  If  the  vagi  be  severed, 
stomach  contractions  still  occur,  but  no  form  of  local  stimulation 
produces  the  normal  gastric  motions,  even  if  the  organ  be  quite 
full  of  food,  therefore  it  would  appear  that  the  local  nerve  centres 
are  not  sufficient  to  excite  the  normal  rhythmical  muscular  action. 
Moreover,  stimulation  of  the  cut  vagi  leading  to  the  stomach 
causes  active  movements  when  the  stomach  is  full.  It  is  not 
merely  the  presence  of  food  that  produces  the  movements,  as  is 
shown  by  the  fact  that  the  motions  increase  as  the  contents  of 
the  stomach  diminish,  but  conditions  incidental  to  digestion 
(hypersemia,  etc.),  probably  also  act  as  a  stimulus. 

Vomiting  is  the  ejection  of  the  contents  of  the  stomach  by 
means  of  a  convulsive  action  of  the  respiratory  and  abdominal 
muscles  associated  with  an  abnormal  contraction  of  the  stomach 
wall,  which  aids  in  opening  the  cardiac  orifice  while  it  keeps  the 
pylorus  firmly  closed. 

The  act  of  vomiting  is  commonly  preceded  by  (i)  a  feeling  of 
sickness  or  nausea,  (2)  a  great  secretion  of  saliva,  (3)  retching. 
The  latter  consists  in  a  violent  inspiratory  effort,  in  the  midst  of 
which  the  root  of  the  tongue  and  the  larynx  are  raised  and  the 
rima  glottidis  suddenly  closed  so  as  to  prevent  air  entering  the 
windpipe.  The  inspiratory  muscles  still  acting,  and  the  pharynx 
and  upper  part  of  the  oesophagus  being  held  open,  air  is  drawn 
into  the  gullet  and  dilates  this  tube  nearly  as  far  as  the  open- 
ing into  the  stomach.  A  contraction  of  the  muscle  fibres  radi- 
ating from  the  oesophagus  over  the  stomach  then  opens  the 
cardiac  orifice  and  alloy's  some  gas  to  escape.  Now  the  act  of 
II 
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vomiting  is  completed  if  at  this  moment — the  mouth  and  pha- 
rynx being  open,  the  larynx  closed,  the  oesophagus  on  the  stretch, 
the  cardiac  orifice  relaxed,  and  the  pylorus  firmly  closed — the 
expiratory  muscles  forcibly  contract,  and,  pressing  upon  the 
abdominal  cavity,  give  a  sudden  stroke  to  its  contents  so  as  to 
empty  the  stomach.  The  wall  of  the  stomagh  also  contracts 
evenly  throughout,  but  not  with  any  forcible  anti -peristal tic 
action  such  as  would  greatly  aid  in  the  operation  of  rapidly 
ejecting  the  vomit.  The  chief  object  attained  in  the  adult  by 
the  action  of  the  muscular  coat  of  the  stomach  seems  to  be  the 
relaxation  of  the  cardiac  orifice.  In  children,  when  the  fundus 
is  little  developed,  and  the  fibres  radiating  over  the  stomach 
from  the  oesophagus  are  numerous  and  strong,  the  act  of  vomit- 
ing requires  less  effort  on  the  part  of  the  respiratory  muscles; 
the  frequent  puking  of  suckling  infants  being  accomplished  by 
.the  gastric  muscle  alone.  When  the  vomit  is  emitted,  the 
hyoidean,  laryngeal,  and  neck  muscles  relax,  and  the  air  is 
forcibly  driven  out  of  the  partially  distended  lungs  so  as  to 
clear  away  any  remaining  particles  from  the  upper  part  of  the 
air  passages. 

Vomiting  is  usually  caused  by  irritation  of  the  stomach  itself, 
and  may  be  induced  by  either  mechanical,  electrical,  or  chemical 
stimulation  of  the  mucous  membrane.  In  this  way  some  emetics, 
such  as  mustard,  sulphate  of  copper,  etc.,  act.  It  may  also  be 
caused  by  intestinal  irritation,  as  when  a  hernia  is  strangulated 
or  the  mucous  membrane  irritated  by  intestinal  worms. 

Gentle  stimulation  of  the  fauces  and  neighborhood  of  the  root 
of  the  tongue  commonly  induces  vomiting.  In  the  early  stages 
of  pregnancy  the  unusual  condition  of  the  utenis  causes  frequent 
vomiting,  which  is  known  as  ** morning  sickness."  The  irritation 
of  a  calculus  passing  through  the  ureter,  or  a  gall  stone  impacted 
in  the  bile  duct,  usually  excite  vomiting.  Injuries  of  the  brain, 
and  psychical  impressions,  particularly  those  excited  by  the  sense 
of  smell  or  unusual  disturbance  of  equilibrium,  may  give  rise  to 
vomiting.  Moreover,  a  number  of  medicaments,  as  apomorphin, 
emetin,  etc.,  cause  vomiting  if  introduced  into  the  blood. 

From  the  foregoing  facts  it  appears  that  vomiting  is  a  complex 
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and  irregular  muscular  act,  which  may  be  induced  by  the  stimu- 
lation of  various  parts  of  the  internal  surfaces  of  the  body,  par- 
ticularly those  which  receive  branches  from  the  vagus  nerve. 

One  would,  therefore,  be  inclined  to  suppose  that  some  afferent 
nerve  channels  exist  in  the  vagus  which  bear  impulses  to  a  vom- 
iting nerve  centre  and  excite  it,  so  as  to  cause  it  to  send  forth 
peculiar  and  irregular  impulses  to  the  respiratory,  gastric,  and 
other  muscles,  and  give  rise  to  their  characteristic  spasm. 

In  short,  it  would  seem  to  be  a  reflex  act,  the  afferent  impulses 
of  which  pass  to  the  medulla  oblongata  by  the  vagus,  and  the 
efferent  impulses  are  conveyed  by  the  ordinary  spinal  nerves  to 
the  respiratory  muscles  by  the  vagus  to  the  pharyngeal,  laryn- 
geal and  gastric  muscles,  and  by  the  fifth,  seventh  and  ninth 
nerves  to  the  palatine,  facial  and  hyoidean  muscles.  This  vom- 
iting nerve  centre  must  lie  in  the  medulla,  in  very  close  relation- 
ship to  the  respiratory  centre,  with  which  it  nearly  corresponds. 
This  centre  may  bring  about  the  whole  sequence  of  events  known 
as  vomiting,  when  stimulated  either  directly  by  poisons  contained 
in  the  blood,  indirectly  .through  the  vagus,  or  even  from  the 
higher  centres  by  emotions  or  ideas.  Section  of  the  vagi  ren- 
ders vomiting  impossible,  as  it  cuts  off  both  the  commonest  source 
of  stimulus  going  to  the  centre,  and  also  the  important  efferent 
impulses  which  cause  the  muscle  coat  of  the  stomach  to  contract 
and  to  open  the  cardiac  orifice. 

Movements  of  the  Intestines. — The  muscular  coats  are 
somewhat  differently  arranged  in  the  small  and  the  large  intes- 
tines, but  have  the  same  general  relation  to  each  other,  viz.,  a 
thin  longitudinal  layer  lying  externally,  next  the  serous  mem- 
brane, and  a  layer  of  circular  fibres  considerably  thicker  lying 
internally  under  the  mucous  membrane.  In  the  large  intestine 
the  external  longitudinal  fibres  are  collected  into  three  bands 
placed  at  equal  distances  one  from  another,  which,  being  rather 
shorter  than  the  remainder  of  the  intestine,  throw  the  interme- 
diate part  into  a  series  of  pouches. 

It  is  in  the  small  intestine  that  peristaltic  motion  of  the  most 
typical  kind  occurs.     A  wave  of  contraction   passes  from  the 
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pylorus  along  the  circular  Rbres,  so  as  to  look  like  a  broad  ring 
of  constriction  progressing  slowly  downward. 

The  longitudinal  fibres  at  the  same    time    contract  so  as  lo 
sharten  the  piece  of  intestine  immediately  below  the  ring  of  con- 
striction, and  also  cause  a  certain  amount  of  rolling  movemenl 
of  those  loops  of  intestine  which  are  free  enough  to  move. 
This  motion   takes  place    periodically  in  ])ro|X>rtion   to   the 
amount    and    character    of    the 
^'°  ""  contents   of    the    intestine,    the 

food  passing  over  the  mucous 
membrane  being  to  all  appear- 
ance the  stimulus  which  nor- 
mally calls  forth  and  intensifies 
the  action. 

The  activity  of  the  peristaltic 
movements    varies    with     many 
circumstances    besides   the    con- 
tents of  the  intestines.     Of  these 
"         the  most  noticeable  is  the  amount 
""'"waii  of  th^smairinSnt.     '  '  and  character  of  the  blood  flow- 
1;  Lilbiri.iihn'«  GisKdi.  ing    through    the    vessels   of   the 

''  »hichTia™Ml!ii'i'n'™'  Mi«  intestinal  wall.  Thus  stop|iage 
rfCo^niciirt  ii>iue  in  which  many  "^  "'^  blood  Current  by  tying 
,.'  Ci"ui^r"^,I«7=''''fiw'^«;.''  ,cr».  •'le  arteries,  or  deficiency  of  oxy- 
l^!i^  1*"''™'"  "*"" '''"'"  *""  g*^"  ^^^  excess  of  carbonic  acid, 
is^*"™T' "'""'* '"™'  '^^"^^  inordinate  activity  of  the 

peristaltic  action.  Direct  irrita- 
tion of  the  serous  surface  of  the  intestine  with  mechanical. 
chemical,  or  electrical  stimuli  also  causes  an  increase  in  the 
movements  of  the  intestine. 

The  great  activity  of  the  motion  observed  when  the  abdominal 
cavity  of  a  recently  killed  animal  is  opened  depends  partly  on 
the  ex]M>sure  to  cool  air,  and  partly  on  the  venous  character  of 
the  blood  in  the  vessels  no  longer  oxidized  by  respiration. 

ITie  irregular  and  impetuous  action  of  the  intestine  which 
follows  the  constriction  or  strangulation  of  a  hernial  protrusion, 
probably  dei^nds  chiefly  on  the  mechanical  stimulation,  but  also 
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is  intimately  related  to  interference  with  the  blood  supply  conse- 
quent on  the  pressure  exerted  by  the  constricting  band.  Pro- 
longed overwork  often  induces  immobility  of  the  intestinal  wall, 
and  hence  we  find  the  purging  and  vomiting  which  accompany  a 
temporary  hernial  constriction  followed  by  inability  of  the  intes- 
tine to  propel  its  contents.  These  points  have  also  been  proved 
by  results  of  experiments  on  the  lower  animals. 

The  movements  of  the  large  intestines  are  the  same  as  the 
small,  but  not  so  obvious,  owing  to  the  modified  sacculated  shape 
of  this  part  of  the  alimentary  canal.  The  contractions  of  the 
colon  begin  at  the  ileo-caecal  valve  where  the  peristaltic  wave  of 
the  ileum  ceases.  The  normal  intestinal  motions  thus  pass  in  an 
almost  uninterrupted  wave  from  the  pylorus  to  the  end  of  the 
gut,  but  when  special  sources  of  irritation  exist,  a  wave  may 
originate  in  almost  any  intermediate  part  of  the  intestine.  A 
reversed  "  an ti -peristaltic  motion,'*  as  it  is  called,  only  occurs  as 
a  result  of  some  intense  local  stimulation,  such  as  the  strangula- 
tion of  a  hernia,  etc. 

The  motion  produced  by  the  substances  contained  in  the  intes- 
tine depends  on  their  character.  The  solid  parts  excite  more 
rapid  movements,  and  the  more  fluid  portions  but  slightly  influ- 
ence the  intestinal  peristalsis. 

Thus  the  solids  which  make  their  way  through  the  pylorus  are 
seldom  to  be  found  in  the  jejunum,  no  matter  at  what  period 
after  a  meal  the  animal  be  killed,  whereas  the  folds  of  the  mucous 
membrane  are  always  bathed  in  a  fluid,  creamy  material  during 
the  entire  period  of  digestion,  and  even  for  a  considerable  time 
after  all  the  food  has  left  the  stomach. 

Mechanism  of  Defecation. — This  is  a  point  of  much  im- 
portance, for  the  evacuation  of  the  lower  bowel  is  intimately 
connected  with  feelings  of  comfort  and  health,  and  in  illness  the 
insuring  of  its  accomplishment  forms  an  essential  part  of  the 
physician's  duty. 

The  movements  of  the  intestine  cause  the  various  excretions 
and  indigestible  parts  of  the  food  to  pass  toward  the  sigmoid 
flexure  of  the  colon,  where  their  onward  motion  is  checked  for  a 
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time  by  the  strong  circular  muscle  of  the  rectum  (called  the 
superior,  or  tertius  sphincter  by  Hyrtl),  which  does  not  carry  on 
the  peristaltic  wave.  The  materials  here  get  packed  into  a  more 
or  less  solid  mass,  which  is  gradually  augmented  after  each 
meal. 

The  lower  outlet  of  the  alimentary  canal  is  closed  by  two  dis- 
tinct sphincter  muscles.  One  thin  external  superficial  muscle, 
made  up  of  striated  fibres,  belongs  to  the  perineal  group,  and  has 
little  influence  on  the  closure  of  the  anus.  The  deep  or  internal 
sphincter,  which  is  much  stronger,  surrounds  the  gut  for  rather 
more  than  an  inch  (3  centimetres,  Henle)  in  height,  and  is  one- 
quarter  inch  thick.  It  is  made  of  smooth  muscle,  and  therefore 
capable  of  prolonged  (tonic)  contraction.  It  would  appear,  how- 
ever, that  this  strong  sphincter  is  merely  a  supernumerary  guard 
to  the  anal  orifice,  but  rarely  called  into  action,  for  during  the 
interval  of  rest  between  the  acts  of  defecation,  the  faeces  do  not 
come  in  contact  with  the  portion  of  intestine  surrounded  by  this 
muscle.  The  rectum  for  quite  one  inch  above  the  sphincter  is 
perfectly  empty,  being  kept  free  from  feculent  particles  partly 
by  a  fold  of  the  intestinal  wall  and  partly  by  the  repeated  action 
of  the  voluntary  muscles  in  the  neighborhood,  which,  by  intensi- 
fying the  angle  that  exists  at  this  point  and  flattening  this  inch 
of  rectum,  can  squeeze  back  the  approaching  matters.  Any  one 
familiar  with  the  digital  examination  of  the  unevacuated  rectum, 
knows  that  no  faeces  are  met  with  for  about  two  inches. 

Considerable  accumulation  may  take  place  in  the  sigmoid 
flexure  without  much  discomfort  ensuing,  but  when  the  rectum 
is  distended,  an  urgent  sensation  of  wanting  to  empty  it  is 
exixjrienced,  and  the  voluntary  movements  mentioned  above  are 
performed  by  the  levator  ani  and  the  neighboring  perineal  mus- 
cles, with  the  object  of  preventing  any  substance  reaching  the 
part  of  the  rectum  immediately  above  the  sphincter. 

If  the  rectum  be  distended  with  fluid,  the  occasional  anal 
elevation  does  not  suffice  to  keep  it  back,  and  a  continuous  and 
combined  action  of  the  sphincters  and  levator  ani,  etc.,  is  neces- 
sary to  ward  off*  the  expulsion  of  the  contents. 

When  the  lower  bowel  is  habitually  emptied  at  the  same  hour 
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daily — a  habit  which  should  be  carefully  exercised — the  sensa- 
tions of  requirement  to  go  to  stool  occur  with  great  punctuality, 
or  can  be  readily  induced  by  the  will,  so  that  normal  defecation 
is  reputed  to  be,  and  practically  is,  a  voluntary  acl.  But  not 
completely  so,  for,  somewhat  like  swallowing,  the  later  stages  of 
defecation  consist  essentially  of  a  series  of  involuntary  reflex 
events  which  we  can  initiate  by  the  will,  but  when  it  is  once 
started,  are  powerless  to  modify  until  the  reflex  sequence  is 
completed. 

Under  ordinary  circumstances,  the  evacuation  of  the  fsces  is 
commenced  by  the  voluntary  |>ressure  exercised  on  the  abdominal 
contents  by  the  respiratory  muscles.    The  diaphragm  is  depressed. 


muscle  co>»  of  ihe  inleilJDe,  with  A  nodsd  point  of  Auerbach*!  pLexui  under 

low  power,  high  power,  shawing  the  nerve  cclb. 

the  outlet  of  the  air  passages  firmly  closed,  and  the  expiratory 
muscles  thrown  into  action,  while  at  the  same  moment  the  muscles 
which  close  the  pelvic  outlet  relax,  and  allow  the  anus  to  descend, 
so  that  the  inferior  angle  of  the  rectum  is  straightened,  and  a 
voluntary  inhibition  of  the  sphincter  is  brought  about.  This 
voluntary  expiratory  effort  seldom  requires  to  be  continued  for 
more  than  three  or  four  seconds  before  some  fecal  matter  reaches 
the  part  of  the  rectum  just  above  the  sphincter.  When  this  has 
occurred,  no  further  abdominal  pressure  is  necessary  (except 
when  the  masses  of  faeces  are  large  and  hard),  for  the  local 
stimulus  starts  a  series  of  reflex  acts  which  carry  on  the  operation. 


128  MANUAL   OF   PHYSIOLOGY. 

These  consist  of  an  increased  peristaltic  contraction  of  the  colon 
and  sigmoid  flexure,  the  waves  of  which  pass  along  the  rectum. 
These  waves  are  accompanied  by  synchronous  rhythmical  relax- 
ation of  the  sphincter,  which  replaces  its  normal  condition  of 
tonic  contraction. 

The  effect  of  the  voluntary  effort,  afld  the  amount  of  the 
abdominal  pressure  required,  depend  upon  the  consistence  of  the 
faeces.  When  quite  fluid,  they  constantly  tend  to  come  in  contact 
with  the  sensitive  point  of  the  rectum,  and  a  voluntary  effort  is 
required  to  prevent  the  reflex  series  of  events  from  taking  place  ; 
a  momentary  relaxation  of  the  sphincter  with  voluntary  abdom- 
inal pressure  is  sufficient  to  eject  the  contents  of  the  bowel.  On 
the  other  hand,  when  the  faeces  are  firm,  time  is  required  in  order 
that  the  slowly  acting  smooth  muscle  may  pass  the  mass  onward. 
In  common  constipation,  the  difficulty  is  to  get  the  solid  mass 
down  to  the  sensitive  exciting  point,  in  which  case  a  few  drachms 
of  warm  fluid,  used  as  an  enema,  may  awaken  the  necessary 
reflex  movements. 

Nervous  Mechanism  of  the  Intestinal  Motion. — Many 
points  in  the  nervous  control  exerted  over  the  intestinal  muscles 
are  obscure.  We  know  that  intestinal  movements  which  are  peri- 
staltic in  their  nature  occur  in  a  portion  of  intestine  removed 
from  the  body,  and  thus  separated  from  all  central  nervous  con- 
trol. We  know,  also,  that  there  are  abundant  nerve  elements 
in  the  walls  of  the  intestines  which  have  all  the  characters  of 
ganglion  cells,  and  therefore  probably  act  as  nerve  centres. 
(Figs.  56,  57.) 

With  regard  to  these  local  nervous  agencies,  anatomists  have 
made  out  two  distinct  sets,  both  of  which  have  the  form  of  a  net- 
work of  nerve  fibrils  studded  with  cell  elements  at  their  nodal 
points.  One  of  these,  a  closely-meshed  plexus  with  flattened 
cords  and  ganglionic  masses  at  their  points  of  union,  lies  between 
the  longitudinal  and  circular  layers  of  muscle  (Figs.  56,  57), 
forming  the  plexus  myentericus  exterior  of  Auerbach,  and  most 
probably  controls  the  movements  of  these  layers  of  muscle.  The 
other  lies  internal  to  the  circular  muscle,  in  close  relation  to  the 
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muscularis  mucosse,  and  is  called  the  plexus  myenteriius  inferior 
of  Meissner  ;  the  meshes  of  which  are  looser  and  more  irregular, 
and  the  cords  and  ganglia  more  rounded  and  finer  than  those  of 
Auerbach's  plexus.     (Figs.  58,  59.) 

The  blood  flowing  throirgh  these  nerve  centres  in  all  proba- 
bility acts  as  a  sufficient  stimulus,  under  ordinary  circnmstances, 
to  produce  some  i)eristaUic  motions,  and  hence  we  may  say  that 
they  are  automatic.  When  food  comes  into  the  intestine  it 
increases  the  flow  of  blood  as  well  as  mechanically  irritating  the 
intestinal  wall.  The  intestinal  vessels  remain  engorged  so  long 
as  the  process  of  digestion  goes  on.  Food  seems  to  act  more 
effectually  than  insoluble  mechanical  stimuli,  for  when  insoluble 


substances  are  placed  in  the  gut,  they  at  first  call  forth  active 
movements ;  but  these  do  not  last  long,  for  the  stimulus  is  not 
of  itself  adequate  to  excite  prolonged  action,  except  it  be  o.s.so- 
ciated  with  continuing  congestion  dependent  upon  other  causes, 
such  as  the  vasomotor  changes  accnm[>anying  the  general  diges- 
tive process,  and  the  absorption  of  the  pre|iarod  food  stuffs. 

With  regard  to  the  influence  of  other  nerves,  it  seems  to  be 
admitted  on  all  sides  that  the  vagus  acts  as  an  exciting  nerve, 
since  stimulation  of  its  peripheral  part  causes  increased  action, 
and  it  is  probable  that  its  great  efferent  channel  for  impulses  is 
reflected  through  the  brain. 
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On  the  other  hand,  the  splanchnic  nerves,  which  come  from 
the  thoracic  sympathetic,  are  said  to  be  inhibitors  of  the  myen- 
teric plexuses.  This  may  be  explained  by  their  effect  on  the 
small  vessels — which  they  no  doubt  control — causing  a  change 
in  the  blood  supply.  Be  this  as  it  may,  the  splanchnics  seem  to 
have  considerable  influence  on  the  intestinal  movements.  When 
stimulated,  they  commonly  check  the  intestinal  motions,  but  may 
sometimes  (as  when  the  movements  have  ceased  after  death)  give 
rise  to  new  movements. 

On  account  of  this  double  action,  it  has  been  said  that  there 
are  two  kinds  of  fibres,  (i)  inhibiting,  which  are  easily  excited, 
and  during  life  have  greater  influence,  and  (2)  exciting,  which, 
though  less  excitable,  retain  their  irritability  longer. 

However,  most  of  these  effects  may  be  explained  by  referring 
them  to  vasomotor  changes. 

With  regard  to  defecation,  we  know  that  a  nerve  centre  exists 
in  the  lumbar  portion  of  the  spinal  cord,  which  governs  the 
sphincter,  and  seems  to  keep  up  its  tonic  contraction.  This 
centre  may  be  either  excited  to  increased  action  or  inhibited,  by 
peripheral  stimuli  or  by  central  influences  from  the  brain. 

Thus  the  local  application  of  warmth  causes  inhibition  of  the 
centre,  and  thereby  relaxation  of  the  sphincter,  while  cold  gives 
rise  to  increased  central  action,  causing  contraction  of  the 
sphincter  muscle  (a  point  to  be  remembered  when  examining  or 
oi)erating  within  its  grasp).  Besides  the  voluntary  variations 
which  we  can  bring  about  in  the  activity  of  this  lumbar  centre, 
many  other  central  influences,  such  as  emotions,  may  operate 
upon  it.  Thus,  terror  inhibits  the  centre  and  loosens  the 
sphincter  independently  of  our  will. 
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CHAPTER  VII. 
MOUTH  DIGESTION. 


'llie  cavity  of  the  mouth  is  lined  by  a  bright  red  mticoiis  mem- 
brane, which  is  continuous  with  the  skin  at  the  lips.  It  varies  in 
structure  in  different  parts  of  the  buccal  cavity,  and  in  its  gene- 
ral construction  more  resembles  the  outer  covering  of  the  body 
than  the  mucoiLs  membrane  lining  the  alimentary  tract.  It  con- 
sists of  (i)  a  superficial  part,  composed  of  thick  stratified  epithe- 
hum,  the  upper  cells  of  which  are  flat,  scaly  and  tough,  and  are 
placed  horizontally,  while  in  the  dee|)er  layers  the  cells  are  soft, 
rounded  or  elongated,  having  their  long  axis  perpendicular  to 
the  surface;  and  (2)  a  deeper  part,  composed  of  fibro-elastic 
lissue,  which,  over  the  alveoli  of  the  teeth,  is  amalgamated  with 
the  periosteum  and  forms  the  dense,  lough  gums. 

The  mucous  membrane  of  the  mouth  is  covered  with  papilla 
which,  on  the  dorsum  of  the  tongue, 
attain  great  magnitude  and  variety  ^"'-  *"■ 

of  shape   and  epithelial  covering. 
In  inan,  three  kinds  are  described  : 
(i)  Narrow  pointed,  ^/i/t>rm.     (2) 
Blunt  and  clubbed  at  the  a|>ex,/««-  { 
gi/orm.     (3)  Broad  complex  papil- 
la, circumvallate,  surroimded  by  a 
fossa,  of  which  there  are  but  a  lim- 
ited number  (about  a  dozen).  DiaEi^ni  ui»ii  from  >  tmM  yoxvaa 
The  special  secreting  organs  or     ^owSg  "rlncfSing  dwrand^cTils! 
glands,  which  pour  their  juices  into 

the  mouth,  have  all  the  same  general  tyi*  of  structure,  thotigh 
they  vary  much  in  the  detail  as  to  the  variety  and  character  of 
iheit  cells.  They  are  known  as  the  adieus  or  sac^uiat^d  glands, 
from  their  being  made  up  of  numerous  acini,  or  minute  elongated 
sacs  or  tubules,  arranged  at  the  end  of  a  repeatedly  branching 
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duct,  like  grapes  on  the  terminals  of  the  successive  little  branches 
growing  from  the  central  stalk  to  form  a  biinch.  In  the  glands 
the  saccules  are  packed  together  closely  around  the  ducts,  and  by 
mutual  pressure  are  made  to  assume  various  shai>es.  The  wall 
of  the  saccule  Is  formed  of  a  very  delicate,  clear,  transparent 
membrane,  on  the  outside  of  which  are  numerous  flattened,  branch- 
ing stellate  cells,  the  branches  of  which  anastomose  one  with 


,?j'.'  "'sSs/,.^'" 


i.  LiTvcr  duel 
>.  H^lf-nosDB 


another,  and  appear  to  penetrate  the  membrane  in  order  to  reach 
the  inside  of  the  acini. 

The  cavity  of  the  little  sacs  is  almost  completely  filled  with 
large  polygonal  gland  cells,  so  that  only  a  very  narrow  space 
exists  in  the  centre.  (Fig.  6r.)  From  this  space  (here  is  free 
communication  to  the  main  duct  of  the  gland  by  means  of  the 
proper  ductlet  of  each  saccule.     In  the  saccules  of  a  few  glands, 
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viz.,  some  of  the  so-called  mucous  salivary  glands,  another  kind 
of  cell  element  is  seen  between  the  gland  cells  just  described 
and  the  wall  of  the  sac,  their  outer  side  following  accurately  the 
concave  boundary  of  the  saccule,  their  inner  side  impinging  upon 
ihe  gland  cells.  They  thus  acquire  a  more  or  less  half-moon 
(•hape.     These   demi-lune  cells  will  be  again  referred  to  (page 

■43). 

Between  the  saccules  are  numerous  blood  vessels  which  branch 
and  form  a  network  of  capillaries  on  the  outside  of  each  little 
sac.  NumerotLS  nerves  are  also  found,  which,  according  to  some 
ohservere,  have  ganglionic  cell  connections  in  Ihe  gland  sub- 
stance, and  send  terminals  into  the  gland  cells  direct. 

Although  this  account  of  the  nerve  terminations  in  the  secret- 
ing cells  of  other  glands  has  met  with  doubt,  it  is  certain  that  in 
the  lower  animals  nerve  terminals  have  been  traced  into  gland 
cells,   and    upon    physiological 
grounds,  as  will  presently  appear,  "^^' 

we  are  forced  to  believe  that  a  -^ 

similar  connection  must  exist  in 
mammalia. 

The  ducts  are  lined  with  short 
cylindrical  epithelium  which 
does  not  appear  to  have  any 
secreting  function.  All  the 
glands  are  made  up  of  numerous 
packetsoflobules  bound  together 
in  one  mass  and  united  by  their 
ducts.  Each  of  these  lobules  is 
itself    a    perfect    gland.       The 

smaller  mouth  glands  are  also  ing  ihr  saUvi,j  ciandj.  ' ' 

:«parable  into  lobules,  and  hence  t'.  suht^l'mtr/'^aaii  -.uh  their  ducK 
are    called    compound    acinous  bMMiE  ihc  lonpii'SV)  '  "  "'*" 

glands.  '■  ''ri^  t'^i  .Td'  '^t'l:^:^  °^"' 

The  mouth  glands  are  divided 
into  two  sets,  which  produce  different  kinds  of  secretion  :  (i) 
Mucous  g/a/ti/s,  which  secrete  mucus,  and  (2)  Salivary  glands, 
which  produce  watery  saliva.     The  functional   dist 
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seldom  absolute,  for  most  salivary  glands  have  a  mixed  secretion, 
and  various  gradations  of  transition  from  purely  salivary  to  purely 
mucous  glands  are  met  with. 

The  proper  mucous  glands  are  small,  varying  in  size  from  a 
pin's  head  to  a  pea.  They  are  found  in  groups  under  the  mucous 
membrane  in  various  parts  of  the  mouth,  and  from  their  posi- 
tions are  called  labial,  buccal,  etc.  Their  cells  contain  a  clear 
mucilaginous  substance. 

The  great  Salivary  glands  are  the  three  large  glands  which  are 
known  as  the  parotid,  submaxillary  and  sublingual.  On  account 
of  their  great  size  they  form  striking  anatomical  objects,  being 
large  masses  of  irregularly  arranged  glandular  packets,  which 
might  be  spoken  of  as  lobes,  to  distinguish  them  from  the 
smaller  packets  or  lobules.  Their  ducts  are  of  considerable  size, 
and  have  strong  walls  made  of  dense  fibrcJus  tissue,  containing 
many  elastic  fibres,  and  in  one  of  them,  the  submaxillary, 
smooth  muscle  tissue  has  been  demonstrated. 

The  parotid  duct  (Steno's)  opens,  into  the  mouth  about  the 
middle  of  the  cheek  just  opposite  the  second  molar  tooth.  The 
sul)maxillary  has  also  a  single  duct  (Wharton's),  which  opens 
beneath  the  tongue  beside  the  fraenum.  The  sublingual  gland 
has  .several  ducts,  some  of  which  open  into  that  of  the  submax- 
illary, and  others  unite  to  enter  into  the  mouth  beside  Wharton's 
duct. 

In  different  animals  and  in  different  glands  of  the  same  animal 
a  variable  amount  of  mucus  is  secreted  by  these  glands,  which 
are  all  called  salivary,  though  the  parotid  alone  deserves  the 
name  in  the  strictest  sense  of  the  term,  owing  to  the  freedom  of 
its  secretion  from  mucus. 

THE  CHARACTERS  OF  MIXED  SALIVA. 

The  li(iuid  in  the  mouth  is  a  mixture  of  the  secretion  of  the 
salivary  glands  with  that  of  the  small,  purely  mucous  glands. 

It  is  a  slightly  turbid,  tasteless  fluid,  of  a  distinctly  alkaline 
reaction,  of  1004-1008  specific  gravity,  and  so  tenacious  that  it 
can  be  drawn  into  threads.  The  amount  secreted  by  an  adult 
human  being  during  24  hours  varies  greatly  according  to  cir- 
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cumstances,  and  has  been  variously  estimated  by  different  authors, 
by  whom  the  wide  limits  of  200-2000  grms.  (7-70  oz.)  have 
been  assigned  as  the  daily  amount. 

Saliva  contains  about  .5  per  cent,  of  solids.  Of  these  the 
greater  part  are  organic;  namely  (i)  Mucin,  from  the  submax- 
illary, sublingual  and  small  mucous  glands,  which  can  be  pre- 
cipitated by  acetic  acid.  To  this  substance  the  viscidity  of  the 
saliva  is  due.  (2)  Traces  of  albumin,  precipi table  by  concen- 
trated nitric  acid  and  boiling.  (3)  Traces  oi  globulin,  precipi- 
tated by  carbonic  acid.     (4)  Ptyalin,  a  peculiar  ferment. 

The  inorganic  constituents  are  salts,  among  which  an  inconstant 
amount  of  potassium  sulphocyanaU  is  found,  a  substance  which 
does  not  exist  in  the  blood. 

There  are  also  many  morphological  elements;  of  these  the 
majority  are  accidental,  being 
the  remains  of  food,  etc. ;  others 
are  more  or  less  characteristic; 
namely,  (i)  Salivary  corpuscles, 
which  are  rounded  protoplasmic 
masses  containing  nuclei  and 
coarse  granules  which  show 
Brown i an  movements.  (2)  Epi- 
thelial scales,  from  the  surface  of 
the  mucous  membrane  of  the 
mouth.  (3)  Various  forms  of 
•  bacteria,  which  propagate  readily 
amid  the  decaying  particles  of 
food  in  the  mouth.  No  bacteria  or  other  fungi  exist  in  the  ducts 
of  the  glands  or  saliva  taken  from  the  ducts  with  the  necessary 
aseptic  precautions. 


Fig.  63. 
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The  form  elements  frum  mixed  saliva 
from  tip  of  tongue,  showing  (r)  large, 
irregular,  scaly  epithelial  cells,  {c) 
round  salivary  corpuscles,  several  (6) 
bacteria  and  {m)  micrococci. 


COLLECTION  OF  THE  SECRETION. 
Ordinary  mixed  saliva  may  be  easily  collected  by  chewing 
some  insoluble  material,  such  as  a  bit  of  rubber  tubing,  and  col- 
lecting the  fluid  which  the  motion  causes  to  be  poured  into  the 

mouth. 
The  collection  of  the  secretion  of  the  different  glands  requires 
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more  delicate  methods.    It  may  be  collected  separately  by  placing 
a  cannula  in  the  duct  of  each  gland. 

Parotid  saliva  obtained  in  this  way  is  found  to  have  no  struc- 
tural elements  nor  mucus,  and  is  a  thin  fluid  dropping  easily,  not 
capable  of  being  drawn  into  threads.  It  contains  some  serum, 
albumin  and  globulin,  potassium  sulphocyanate,  and  ptyalin. 
The  portion  first  secreted  is  commonly  acid,  and  it  never  becomes 
strongly  alkaline.  Its  specific  gravity  is  1 003-1004.  On  stand- 
ing it  becomes  turbid  from  the  precipitation  of  carbonate  of 
lime,  which  existed  as  bicarbonate. 

The  submaxillary  secretion  is  more  strongly  alkaline  than  that 
of  the  parotid  ;  it  contains  structural  elements  and  mucin,  but  is 
not  so  viscid  as  the  general  mouth  fluid. 

The  sublingual  is  much  more  viscid  than  either  of  the  others, 
is  more  strongly  alkaline,  and  contains  much  mucus  and  many 
salivary  corpuscles. 

THE  METHOD  OF  SECRETION  OF  SALIVA. 

Under  ordinary  circumstances  very  little  saliva  is  secreted, 
only  sufficient  being  poured  into  the  mouth  to  keep  the  surface 
moist.  When,  however,  food  is  introduced  into  the  mouth,  and 
the  process  of  mastication  commences,  the  secretion  goes  on 
more  or  less  rapidly,  according  to  the  stimulating  or  non-stimu- 
lating character  of  the  food. 

The  activity  of  a  salivary  gland  is  at  once  brought  about  by 
means  of  special  nervous  agencies  when  a  stimulus  is  applied  to 
the  mouth.  We  know  that  the  nervous  mechanism  which  regu- 
lates this  secretion  is  called  a  reflex  act.  The  stimulus  traveling 
from  the  surface  of  the  mouth  to  the  nerve  centres  is  reflected 
thence  to  the  glands.  We  si>eak,  then,  of  afferent  nerves,  which 
carry  the  impulses  to  the  nerve  centre ,  and  efferent  nenrs,  which 
carry  them  from  the  centre. 

If  we  review  the  ordinary  circumstances  giving  rise  to  a  flow 
of  saliva,  there  will  be  no  difficulty  in  determining  the  nerves 
which  act  as  the  afferent  channels  in  the  simple  reflex  act. 

Stimulation  of  the  mucous  membrane  of  the  tongue  and 
mouth,  whether  chemically,  as  with  irritating  condiments,  or 
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mechanically,  as  by  the  motions  of  mastication,  is  generally 
transmitted  to  the  centre  by  the  sensory  branches  of  the  fifth 
cranial  nerve,  which  supply  the  mouth,  and  by  the  branches  of 
the  glosso-pharyngeal. 

The  stimulus  of  the  sense  of  taste  is  sent  by  the  nerves  of  that 
sense,  mainly  the  glosso-pharyngeal,  to  the  taste  centre  in  the 
cortex  cerebri,  and  from  thence  to  the  secreting  centre  by  means 
of  inter-central  fibres. 

Fig.  64. 


Diagram  of  Nerves  of  the  Submaxillary  Gland.    The  dark 
lines  show  the  course  of  the  nerves  going  to  the  gland. 

(vii)  Portio  dura ;  (v)  Inferior  maxillary  division  of  the  fiAh 
cranial  nerve :  (g)  Submaxillary  ganglion ;  (s)  Sympa- 
thetic^ round  facial  artery  (a)  :  ^s.  c.  G.)  Superior  cervical 
ganglion. 


The  Stimulating  of  the  olfactory  region  with  certain  odors 
induces  salivation  through  a  channel  of  a  similar  kind  passing 
along  the  olfactory  nerve  to  the  brain,  and  thence  to  the  special 
salivary  centre.  Even  in  the  absence  of  taste  or  smell,  mental 
emotion  may  be  excited  by  seeing  or  thinking  of  food,  and  may 
cause  activity  of  the  salivary  glands ;  here  the  inter-central  chan- 
nel is  the  only  one  occupied  in  bearing  the  impulse  to  the  special 
secreting  centre. 
12 
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Irritation  of  the  gastric  mucous  membrane  stimulates  the  sali- 
vary glands,  as  may  be  seen  with  a  gastric  fistula,  or  by  the 
sudden  flow  of  saliva  which  commonly  precedes  vomiting.    In  this 
case  the  impulses  are  carried  by  the  gastric  branches  of  the  \-agiis. 
'ITie  stimulation  of  the  central  end  of  the  cut  sciatic  is  said  to 
cause  an  increase  in  the  flow  of  saliva,  so  that  it  would  appear 
that  even  an  ordinary  sensory  nerve  can  excite  the  centre  to 
action.     Lastly,  many  drugs, 
^'"-'^^  when     introduced     into    the 

blood,  cause  a  flow  of  saliva ; 
among  these  are  pilocarpin, 
physostigmin  and  digjtalin, 
while  atropin  and  daturin, 
on  the  other  hand,  check  the 
action  of  the  glands. 

From  this  we  learn  that 
the  neri'f  centre  controlling 
the  activity  of  the  salivary 
glands  receives  impulses 
from  many  distant  and  di- 
verse sources,  or  may  be 
influenced  directly  by  the 
quality  of  the  blood  flowing 
through  the  nerve  centre 
itself. 

The  channels  traversed  by 

the  efferent  tmpuhei  going  to 

the     salivary     glands      have 

riMr»mofNtr«>i>i.ppiyingihei'.nn(dGi>nd,    been    demonstrated    by    ex- 

■Ifit  dark  lino  indicaw  iht  coiirie  of  Iht       .    .  ,  ,  ' 

nervD  nf  the  gland.  pcriment.      In    the    case    of 

'''*\'l!*?)«ri™to!!llin'JoS!iSS™h.'™"^'"  the  submaxillary,  the  route 
i™loTs«t!;"or  «„i«l  prgUon  «„ding  a  is  especially  distinct  and  in- 
^B^  ta  ihe  uroiid  pkxiu  around  the  structive,  so  that  from  this 
gland  we  obtain  most  of  onr 
knowledge  concerning  the  direct  influence  of  ner^'e  impulses  on 
the  gland  cells.  This  question,  therefore,  will  be  treated  some- 
what in  detail. 
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There  are  two  sets  of  nerves  going  to  the  salivary  glands,  one 
belonging  to  the  sympathetic  and  the  other,  to  the  cerebrospinal 
s>'stems,  both  of  which  have  been  proved  to  exert  a  certain 
amount  of  influence  on  the  action  of  the  glands,  the  share  taken 
by  each  apparently  differing  in  different  animals. 

The  sympathetic  branches  for  the  submaxillary  and  sublingual 
gland  come  from  the  plexus  which  embraces  the  facial  artery, 
those  for  the  parotid  come  from  the  plexus  surrounding  the  inter- 
nal maxillary  as  that  artery  traverses  the  gland.  Both  of  these 
nervous  plexuses  are  derived  from  the  superior  cervical  part  of 
the  sympathetic  nerve. 

The  cerebro-spinal  fibres  for  the  submaxillary  and  sublingual 
glands  lie  in  the  complex  nerve  known  as  the  chorda  tympani, 
which  comes  from  the  portio  dura  of  the  seventh,  and  joins  the 
lingual  branch  of  the  fifth.  They  pass  thence  through  the  sub- 
maxillary ganglion  to  the  glands. 

The  cerebro-spinal  parotid  branches  pass  through  the  lesser 
superficial  petrosal  nerve  from  the  tympanic  plexus  to  the  otic 
ganglion,  and  thence  to  the  auriculo- temporal  nerve  which  sends 
twigs  to  the  gland.     (Fig.  65.) 

I.  The  effects  of  experimental  stimulation  of  the  cerebro- 
spinal gXdLndvXdJ  branches  are,  so  far  as  we  know,  alike  for  all 
the  glands.  But  owing  to  the  greater  facility  with  which  the 
submaxillary  gland  can  be  reached,  and  its  nerve  isolated, 
research  has  been  chiefly  devoted  to  it,  by  operating  on  the 
chorda  tympani  and  the  other  nerves  supplying  the  gland. 

It  has  been  found  that  section  of  this  nerve,  or  of  the  portio 
dura  near  its  origin,  removes  the  possibility  of  exciting  the 
glands  to  action  by  stimulating  the  mouth,  so  that  the  cerebro- 
spinal and  not  the  sympathetic  are  the  channels  traversed  by  the 
reflected  impulse  on  its  way  to  the  gland  from  its  centre. 

The  reflex  stimuli  which  were  supposed  to  be  elicited  through 
the  medium  of  the  submaxillary  ganglion,  probably  depended 
on  the  escape  of  the  stimulating  electric  current  used,  and  the 
reflexion  from  a  sporadic  ganglion,  such  as  the  submaxillary,  has 
never  been  satisfactorily  demonstrated. 

It  has  further  been  shown  that  direct  stimulation  of  the  chorda 
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tympani  nerve,  although  it  be  cut  off  from  its  central  connec- 
tions, causes  a  copious  secretion  of  thin  watery  saliva,  and  this 
increased  secretion  is  accompanied  by  a  great  dilatation  of  the 
small  arteries  going  to  the  gland,  so  that  a  pulsation  may  be  seen 
in  the  small  veins,  and  the  blood  retains  its  bright  arterial  color 
when  leaving  the  organ. 

These  two  chief  results  of  stimulation,  activity  of  the  secreting 
cells  and  vascular  dilatation  are  distributed  by  different  nervous 
agencies,  as  appears  from  the  action  of  atropia,  which  stops  the 
secretion  .of  saliva,  but  does  not  prevent  the  dilatation  of  the 
vessels  on  stimulation  of  the  chorda  tympani ;  from  which  we 
conclude  that  its  effect  is  restricted  to  a  mechanism  engaged 
exclusively  in  controlling  the  activity  of  the  gland  cells. 

Stimulation  of  the  chorda  tympani  causes  the  secretion  to  be 
carried  on  with  great  energy.  The  fluid  was  found  to  enter  the 
duct  with  a  pressure  equal  to  200  mm.  (about  8  inches)  of  mer- 
cury, while  the  blood  pressure  in  the  carotid  artery  of  the  animal 
was  only  112  mm.  (about  4^  inches)  mercury ;  that  is  to  say, 
the  force  by  means  of  which  secretion  is  driven  outward  is  nearly 
twice  as  great  as  the  pressure  in  the  blood  vessels  in  the  gland. 
The  secretion  of  saliva  cannot  then  be  a  question  of  mere  filtra- 
tion, for  if  the  physical  agency — pressure — alone  were  acting, 
the  saliva,  if  produced,  would  be  forced  into  the  lymph  or  blood 
vessels  when  the  pressure  in  the  duct  exceeded  that  in  the 
vessels. 

The  force  and  rate  with  which  the  secretion  is  produced  vary 
with  the  strength  of  the  stimulation.  The  flow  of  saliva  steadily 
increases  within  certain  limits  as  the  stimulus  gets  stronger.  It 
is  not  only  the  quantity  of  the  secretion  that  depends  on  the 
amount  of  nerve  impulse,  but  also  its  quality;  that  is  to  say, 
with  a  fresh  gland,  not  wearied  by  previous  experiment,  the 
amount  of  solids  in  the  saliva  increases  as  the  stimulus  is 
increased,  so  that  not  only  is  the  activity  of  the  gland  cells  under 
the  control  of  nerve  influence,  but  the  kind  of  work  they  perform 
is  also  regulated  by  the  intensity  of  nerve  impulse  they  receive. 

It  has  been  found  that  the  increase  in  the  blood  flow  is  second- 
ary to  the  secretion  called  forth  by  stimulation  of  the  chorda 
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tympani.  This  is  shown  by  the  fact  that  even  when  the  hlood 
supply  is  cut  off  by  any  means  (strong  sympathetic  stimulation, 
ligature  of  the  vessels,  or  even  decapitation),  an  amount  of  saliva 
can  be  made  to  flow  from  the  gland  which  could  not  have  been 
stored  up  in  its  cells  prior  to  the  stimulation  of  this  nerve. 

11.  With  regard  to  the  influence  exerted  by  the  sympathetic 
branches,  the  most  obvious  result  of  stimulation  of  these  is  a 
contraction  in  the  arterioles,  and  a  consequent  diminution  of  the 
amount  of  blood  flowing  through  the  gland.     The  glands  look 


pale,  and  the  hlood  leaving  them  is  intensely  venous  in  charac- 
ter i  the  exact  opposite,  in  fact,  to  the  result  obtained  by  stimu- 
lation of  the  cerebro-spinal  nerves.  But  the  synijwithetic  has 
also  an  effect  on  the  gland  cells,  as  it  produces  an  increa.sed  flow 
of  saliva.  In  the  dog  the  secretion  of  "sympathetic  saliva  "  is 
only  temporary  and  scanty,  having  high  s|>ecific  gravity,  and 
being  overloaded  with  the  solids.  In  the  cat  and  rabbit  "  sym- 
pathetic saliva"  is  scanty,  and  not  thicker  than  the  "chorda 
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saliva  *'  of  the  same  animal.  So  far  as  regards  the  blood  vessels, 
the  chorda  is  directly  opposed  to  the  sympathetic.  To  explain 
this  antagonism  we  may  either  assume  the  existence  of  local 
nerve  centres  governing  the  muscular  coats  of  the  arterioles,  and 
suppose  that  the  sympathetic  stimulates  and  the  chorda  inhibits 
the  activity  of  these  centres,  or,  what  seems  more  simple,  in  the 
absence  of  anatomical  evidence  that  such  a  centre  exists,  we  may 
attribute  to  the  arterial  muscle  cells  themselves  an  automatic 
tonic  power  of  contraction  which  can  be  increased  by  the  sym- 
pathetic and  diminished  by  the  chorda  tympani.  It  is  singular 
that,  if  all  the  nerves  leading  to  the  gland  be  cut,  a  copious  secre- 
tion of  watery  saliva  begins  after  some  hours,  and  lasts  for  some 
weeks,  after  which  the  cells  undergo  atrophic  changes,  and  the 
gland  becomes  reduced  in  size.  The  explanation  of  the  appear- 
ance of  this  so-called  **  paralytic  saliva  "  is  not  clearly  made  out. 
Possibly  the  removal  of  some  trophic  nerve  influences  induces 
abnormal  nutritive  changes  which  cause  stimulation  of  the  cells, 
and  ultimately  lead  to  their  degeneration. 

The  histological  investigation  of  the  elements  of  these  glands 
in  the  various  stages  of  secretion  throws  considerable  light  on 
the  behavior  of  the  cells  during  their  periods  of  activity  and 
rest. 

It  is  now  certain  that  the  different  stages  are  accompanied  by 
constant  structural  changes  in  the  cells,  which  doubtless  are  inti- 
mately connected  with  secretory  activity.  During  the  period  of 
rest,  that  is,  the  time  when  the  gland  is  not  discharging  its  secre- 
tion, the  cells  slowly  undergo  a  change  in  their  appearance,  which 
is  the  more  obvious  in  proportion  to  the  ease  with  which  the 
material  they  secrete  is  recognized  in  the  protoplasm.  Thus,  in 
mucous  glands,  or  in  mucus-yielding  salivary  glands,  the  changes 
are  conspicuous ;  while  in  those  which  give  a  watery  secretion 
they  are  less  easily  seen. 

As  an  example  we  may  take  a  mucous  gland,  such  as  the  orbi- 
tal gland  of  the  dog,  and  follow  the  changes  which  occur  in  one 
of  its  cells,  during  the  period  which  may  be  called  its  cycle  of 
activity.     (Fig.  66.) 

Immediately  after  the  prolonged  and  active  discharge  of  the 
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secretion  of  the  gland,  the  cells  have  all  the  characters  of  ordi- 
nary |>rotoplasmic  units,  and  the  distinction  bctwetn  the  polygo- 
nal cells  and  those  next  the  wall  of  the  acinus  (demi-lime  cells) 
is  made  out  with  great  difficulty,  because  all  the  cctls  stain  evenly 
with  carmine,  and  have  no  special  characters  exce])t  those  be- 
longing to  active  protoplasm. 

During  rest  certain  changes  gradually  api^ar  in  those  gland 
cells  which  are  next  the  lumen  of  the  saccule.  They  appear  to 
swell  toward  the  lumen,  and  at  the  same  time  become  clear  and 
resist  staining  with  carmine,  their  protopla.sm  becoming  impreg- 
nated with  mucus-like  material  (mucigen),  while  the  demi-liine 
cells  remain  protoplasmic  and  stain  ea.sily,  and  are  thereby  readily 
distinguished  from  the  cell  in  the  cavity  of  the  saccule. 

Fig,  67.  X 


If  the  discharge  of  secretion  be  induced  either  by  normal 
reflex  excitation,  or  by  direct  stimulus  of  the  chorda  tym|)ani 
ner%'e,  the  cells  discharge  the  contained  sj^ecific  material,  some  of 
them  probably  being  destroyed  by  the  act.  If  the  active  secre- 
tion be  continued  for  some  time,  the  cells  return  to  their  former 
protoplasmic  state,  and  those  which  have  been  worn  out  are 
replaced  by  others  from  the  demi-lune  or  marginal  cells. 

In  the  glands  which  do  not  produce  any  mucus  the  brilliant 
look  of  the  cells  after  rest  is  wanting,  but  acorresjKjnding  change 
occurs.  The  secreting  protoplasm  becomes  extremely  granular 
during  the  resting  period,  and  again  clear  after  the  discharge  of 
the  secretion.     (Fig.  67.) 
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Thus  it  would  appear  that  during  the  so-called  period  of  rest, 
when  little  or  no  fluid  is  poured  into  the  duct,  the  gland  cells  are 
busy  at  their  manufacturing  process,  diligently  adding  to  their 
stock  in  hand,  in  order  to  be  ready  for  a  sudden  demand  which 
they  could  not  meet  by  merely  concurrent  work. 

To  sum  up,  then,  we  may  conclude : — 

1.  That  the  manufacture  of  the  specific  materials  of  the 

secretion  is  accomplished  as  the  result  of  the  intrinsic 
power  of  the  protoplasm  of  the  gland  cells. 

2.  That  a  vital  process  is  called  forth  in  the  gland  cells  by 

the  action  of  nerve  impulses,  because — (a)  The  force 
with  which  the  secretion  is  expelled  cannot  be  accounted 
for  by  the  blood  pressure,  (d)  The  quantity  and  qual- 
ity of  the  secretion  is  modified  by  the  intensity  of  the 
nerve  stimulation,  (c)  The  temperature  of  the  blood 
is  raised.  (^/)  Structural  changes  in  the  cells  can  be 
observed. 

3.  The  normal  stimulus  to  secretion  passes  from  the  centre 

in  the  medulla  oblongata  to  the  salivary  glands  along 
cerebro-spinal  nerves. 

4.  This   centre   for  salivary  secretion,   which  at  ordinar)^ 

times  is  moderately  active,  may  be  excited  to  energetic 
action  by  impulses  coming  from  taste,  smell  and  or- 
dinary sensory  nerve  terminals  (particularly  in  the 
mouth),  as  well  as  by  those  which  emanate  from  mental 
emotions. 

CHANGES  UNDERGONE  BY  FOOD  IN  THE  MOUTH. 

Food  when  taken  into  the  mouth  undergoes  two  processes, 
which  are  inseparable  and  simultaneous  in  action  ;  viz.,  mastica- 
tion and  insalivation. 

The  mechanism  of  mastication  has  already  been  discussed,  so 
far  as  its  triturating  power  is  concerned.  In  its  final  object  of 
forming  the  subdivided  food  into  a  bolus  which  can  be  easily 
swallowed,  it  is  much  aided  by  insalivation,  particularly  in 
chewing  dry  food  ;  and  in  this  latter,  the  moistening  of  the  par- 
ticles, so  as  to  make  them  adhere  together,  is  the  most  necessary 
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act  of  mouth  digestion,  and  is  next  in  importance  to  the  subdi- 
vision accomplished  by  the  teeth.  The  saliva,  also,  covers  the 
bolus  with  a  coating  of  viscid  fluid,  so  that  it  can  be  more  easily 
propelled  down  the  oesophagus.  Deglutition  of  solids  is  difficult 
without  an  adequate  supply  of  saliva. 

While  in  the  mouth  the  saliva  dissolves  a  great  quantity  of  the 
more  readily  soluble  materials,  such  as  sugar  and  salt,  which 
may  be  either  mingled  with  the  insoluble  substances,  and  swal- 
lowed together  with  the  bolus,  or  separately  in  a  fluid  form. 
Solution,  then,  is  an  important  item  in  mouth  digestion. 

In  many  carnivorous  animals  the  use  of  the  mouth  fluid  is 
chiefly  mechanical,  dissolving  some  insignificant  part  of  the  food, 
and  aiding  mastication  and  deglutition.  In  man,  however,  and 
other  animals  that  make  use  of  much  vegetable  food,  it  has  a 
chemical  function,  and  acts  on  the  insoluble  starch,  converting 
it  into  soluble  sugar. 

The  active  principle  which  brings  about  this  change  xsPiyaiin. 
This  is  one  of  a  series  oi  ferments  to  which  most  of  the  chemical 
changes  in  digestion  are  due. 

As  a  group  they  are  remarkable  for  the  following  characters 
in  which  they  differ  from  most  chemical  agents :  (i)  They  effect 
alterations  in  the  substances  on  which  they  act,  while  they  them- 
selves do  not  undergo  any  perceptible  change  or  diminution. 
(2)  They  exist  in  such  small  quantities  that  as  a  rule  their  pre- 
sence can  only  be  shown  by  the  effects  they  produce.  (3)  They 
are  most  active  at  the  body  temperature,  but  are  **  killed**  by 
that  at  which  albumin  coagulates. 

Ptyalin  acts  on  starch,  and  hence  is  spoken  of  as  an  amylolytic 
ferment ;  its  action  consists  in  causing  the  starch  to  unite  chem- 
ically with  one  molecule  of  water,  thus : — 

CeHio05  +  H20  =  CeHi,Oe. 
Starch.  Grape  Sugar. 

During  this  process,  which  takes  at  the  least  a  few  minutes  to 
complete,  various  stages  can  be  detected  :  first,  two  substances  are 
formed  which  together  are  commonly  spoken  of  as  dextrin  ;  one, 
erythro-dextrin,  which  give  a  red  color  with  iodine,  and  easily 
passes  into  soluble  sugar;  and  the  other,  achroo-dextrin,  gives 

13 
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no  color  with  iodine,  and  is  with  difficulty  converted  into  sugar- 
As  it  gives  no  color  with  the  ordinary  test,  its  presence  is  often 
overlooked. 

The  sugar  thus  formed  has  been  called  Ptyaiose^  which  can  be 
converted  into  ordinary  grape  sugar  (glucose)  by  the  action  of 
sulphuric  acid.     Some  say  the  product  is  maltose. 

The  presence  of  starch,  either  in  its  soluble  or  insoluble  form, 
is  easily  recognized  by  the  blue  color  given  by  free  iodine,  which 
color  disappears  on  heating  to  about  100°  C,  but  reappears  on 
cooling. 

Very  many  tests  have  been  recommended  for  the  detection  of 
sugar.  The  most  generally  applicable  one  is  Trommer's.  The 
liquid  is  made  strongly  alkaline  with  potash,  and  a  few  drops  of 
a  dilute  solution  of  cupric  sulphate  is  added,  a  clear  blue  solution 
results,  which,  on  being  raised  to  the  boiling  point,  deposits  an 
orange  precipitate  of  cuprous  oxide.  Fehling's  and  Pavy*s  solu- 
tions are  modifications  of  the  above  test  adapted  for  quantitative 
analysis. 

When  yeast  is  added  to  a  solution  of  grape  sugar,  the  sugar  is 
converted  into  alcohol  and  carbon  dioxide.  This  may  be  seen  in 
an  inverted  test  tube.  The  CO^  rises  to  the  top,  and  can  be  used 
as  an  indication  of  the  quantity  of  sugar  present.  Experiments 
may  be  carried  out  w^ith  saliva  obtained  directly  from  any  of  the 
glands,  but  the  mixture  of  the  secretion  of  all  is  found  to  be 
more  efficacious  than  that  of  any  single  one.  The  ordinary 
mouth  fluid,  filtered,,  serves  well  for  ordinary  exjjeriments. 

An  effective  glycerine  solution  of  ptyalin  may  be  obtained  by 
steeping  chopped  salivary  glands  in  alcohol,  and  then  extracting 
for  some  days  with  glycerine  and  water. 

The  following  facts  must  be  borne  in  mind  concerning  the 
amylolytic  action  of  ptyalin  : — 

1.  The  extremely  small  amount  of  the  ferment  required  to 

make  the  fluid  effective. 

2.  There  is  no  appreciable  diminution  in  the  amount  of  fer- 

ment, so  that  it  cannot  be  said  to  be  used  up  in  the 
process. 

3.  The  action  takes  place  most  readily  in  alkaline  solutions, 
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such  as  the  saliva,  slowly  in  neutral  solution,  and  not 
at  all  in  acids  of  the  strength  of  .2  j)er  cent,  of  hydro- 
chloric acid. 

4.  Temperature  has  a  marked  effect  on  the  process.     Cold 

(0°  C.)  quite  checks  the  action  ;  heat  (75°  C.)  destroys 
the  power  of  the  ferment,  which  is  most  active  at  the 
body  temperature  (35°-4o°  C). 

5.  Strong  acids  or  alkalies  destroy  the  amylolytic  power  of 

ptyalin. 

6.  The  ferment  has  but  little  effect  on  raw  starch,  its  cel- 

lulose coating  protecting  it ;  but  it  acts  rapidly  on  well- 
boiled  starch. 

7.  Ptyalin  is  more  active  in  weak  starch  solutions,  and  is 

much  impeded  in  its  action   by  an  accumulation  of 
sugar. 
To  recapitulate,  we  find  that  the  following  changes  take  place 
in  the  mouth  : — 

(i)  Solid  food  is,  or  should  be,  finely  subdivided  ;  (2)  dry 
food  is  moistened,  (3)  rolled  into  a  bolus,  (4)  and  lubri- 
cated ;  (5)  the  soluble  part  is  dissolved,  and  rendered 
capable  of  being  tasted ;  (6)  and  part  of  the  indiffusible 
starch  is  converted  into  soluble  diffusible  sugar  by  the 
action  of  a  ferment  called //)^a//«. 
In  the  short  time  occupied  by  the  passage  of  food  through  the 
oesophagus  no  special  change  takes  place  in  it,  so  we  may  pass 
at  once  to  the  gastric  digestion,  which  will  occupy  the  next 
chapter. 
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CHAPTER  VIII. 
STOMACH  DIGESTION. 


The  surface  of  the  stomach  is  covered   by  a  single  laj'er  of 
cylindrical  epithelial  cells  which  also  line  the  orifices  of  the 
munerous  glands  with  which  the  mucous  membrane  is  thickly- 
studded.     This  single    layer    of 
Pj^  jg  cylindrical  cells  commences  ab- 

ruptly at   the  cardiac  orifice  of 
the  stomach,  and  is  marked  off 
from    the     stratified     stjuanious 
cells   lining  the  cesophagus   by 
i      a    sharp    line   of    demarcation. 
J     The  glands  of  the  stomach  are 
tubes  with  conical  orifices  which 
f     often  divide  into  two  or  three 
tubular  prolongations.    The  out- 
'     let  or  orifice  is  covered  by  the 
%      common   cylindrical   epithelium 
of  the  surface  of  the  stomach, 

a.  OrificH  of  gbDds  wiih  cyiin<tric*i  s]>eciHc  granular  cells.  The 
i.  FuSdutTgUiKii  wuh  iphctioi  >nd  glands  dip  down  to  the  delicate 
r.  Tnn^ca  m'iiMiiu!?i>  mutosK.  submucous  tissue,  the  branching 

''■^i!,«"i™«."'""  """'"■'«  "^"^  tubes  lying  parallel  and  exceed- 
'■  *'"i^f™Vm£if™».'  ""  "*  '™*''  ingly  close  together.  A  dense 
*-^™""™'™"''  network  of  capillary  blood  ves- 

sels may  l>e  demonstrated  by 
injection  to  surround  the  tul)es  and  closely  invest  the  thin  base- 
ment membrane  which  forms  the  boundary  of  the  glands  and  the 
l>asis  of  attachment  of  the  glandular  cells.  A  close-meshed  net- 
work of  alisorbent  ves.sels  also  surrounds  the  tubules  of  the  glands, 
and  leads  to  the  larger  vessels  in  the  submucous  tissue. 

In  the  cardiac  end  of  the  stomach  two  distinct  kinds  of  cells 
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are  found  in  the  deeper  part  of  the  gland  tubes.  Much  the 
more  numerous  are  small,  pale,  spheroidal  cells,  which  occupy 
the  lumen  of  the  gland  and  form  the  regular  cell  lining  of  its 
cavity.  These  cells  have  been  called  the  "  chief  cells  "  (Haupt- 
zellen),  "central"  q\  spheroidal  cells. 

The  cells  of  the  other  form  are  comparatively  few,  being  alto- 
gether wanting  in  some  of  the  glands.  They  are  larger  and 
more  striking  than  the  central  or  spheroidal  cells  between  which 

Fio,  69. 


and  the  basement  membrane  they  lie  scattered  here  and  there 
over  the  fundus  of  the  gland,  making  the  delicate  membrane 
bulge.  They  stain  more  easily,  and  have  darker  granules  than 
the  central  cells.  On  account  of  their  position  they  have  been 
called  "parietal,"  "marginal  or  border  cells"  (Belegzellen), 
and  from  their  oval  shape,  which  equally  well  distinguishes  them 
from  the  other,  "  ovoid  cells."     (See  Fig.  69.) 
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There  is  a  different  class  of  glands,  the  so-called  mucous,  found 
chiefly  near  the  pyloric  end  of  the  stomach,  in  which  there  is 
but  one  kind  of  cell  throughout,  and  this  seems  to  differ  in  char- 
acter from  both  the  varieties  in  the  other  glands,  resembling 
rather  the  cylindrical  epithelium  covering  the  surface  of  the 
stomach  and  dipping  into  the  conical  orifices  which  lead  to  the 
glands. 

The  difference  between  the  two  kinds  of  glands  found  in  the 
stomach,  both  as  regards  their  distribution  and  way  of  branching, 
and  the  cells  which  line  the  deeper  parts  of  the  tubes,  is  found 
to  vary  in  different  animals.  The  difficulty  of  obtaining  fresh 
si^ecimens  of  the  human  stomach  makes  it  still  uncertain  whether 
the  same  differences  exist  in  the  human  subject.  The  varieties 
of  opinion  and  drawings  published  suggest  that  various  stages  of 
gradation  from  one  kind  of  gland  to  another  are  met  with  in  the 
stomach  of  even  the  same  animal. 

Exj^erimental  research  does  not  show  decisively  that  the  ana- 
tomical differences  denote  differences  of  function. 

CHARACTERS  OF  GASTRIC  JUICE. 

The  gastric  juice  is  a  clear,  colorless  fluid  with  strongly  acid 
reaction.  It  contains  .5  per  cent,  of  solids,  its  specific  gravity 
being  1002.  The  amount  secreted  in  the  day  is  extremely  vari- 
able, and  depends  upon  the  quantity  and  character  of  the  food  ; 
in  well-fed  dogs  it  has  been  estimated  to  be  one-tenth  of  the 
body  weight. 

It  contains : — 

1.  About  .2  ix;r  cent,  of  free  hydrochloric  acid  in  man,  but 

in  the  dog  considerably  more.  The  lactic,  fontiic, 
butyric,  and  other  acids  which  have  been  found  in  the 
gastric  juice  probably  depend  on  the  decomposition  of 
some  of  the  ingesta. 

2.  Pepsin,  the  specific  substance  which  gives  the  gastric  juice 

its  digestive  qualities,  is  a  nitrogenous  ferment  which, 
with  the  foregoing  acid,  acts  on  proteids.  About  .3 
l)er  cent,  is  present  in  the  secretion  of  the  human 
stomach. 
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3.  Associated  with  the  pepsin  are  other  less-known  ferments, 

one  of  which  curdles  milk  without  the  presence  of 
anv  acid. 

4.  A  variable  quantity  of  mucus  is  found  in  the  secretion  of 

the  stomach. 

5.  It  contains  .2  j^er  cent,  of  inorganic  salts,  chiefly  chlor- 

ides of  sodium,  potassium  and  calcium. 

Method  of  Obtaining  Gastric  Secretion. — Formerly, 
attempts  were  made  to  obtain  gastric  juice  by  inducing  a  dog, 
while  fasting,  to  swallow  a  sponge,  and  withdrawing  it  when  sat- 
urated with  the  gastric  secretion ;  or  a  fasting  dog,  allowed  to 
swallow  insoluble  materials,  was  killed,  and  the  secretion  collected 
from  the  stomach. 

It  is  best  obtained  directly  from  a  fistulous  opening  in  the 
abdominal  wall  communicating  with  the  stomach.  A  gastric 
fistula  was  first  made  accidentally  in  a  man  by  injury.  A  case 
in  which  the  surgical  treatment  of  a  gimshot  wound  of  the 
stomach  left  a  permanent  fistula,  allowed  the  gastric  secretion 
to  be  carefully  investigated,  and  proved  a  valuable  subject  for 
experimental  research. 

It  is  not  a  difficult  matter  to  reach  the  stomach  by  making  an 
artificial  opening  through  the  wall  of  the  abdomen,  and,  having 
brought  the  seroas  surface  of  the  gastric  wall  into  firm  connection 
with  the  serous  lining  of  the  abdominal  wall,  to  open  the  stomach. 
The  juxtapo.sition  of  the  parts,  as  well  as  the  patency  of  the 
fistula,  can  be  secured  by  a  suitable  flanged  cannula  closed  with 
a  well-fitting  cork.  By  removing  the  cork  the  gastric  juice  may 
be  obtained  in  small  quantities,  and  various  kinds  of  food  may 
be  introduced  through  the  cannula,  and  the  changes  occurring 
in  them  studied. 

For  experimental  purposes  an  artificial- gastric  juice  may  be 
used.  This  can  be  made  from  the  gastric  mucous  membrane  of 
a  dead  animal  (pig)  by  extracting  the  pepsin  from  the  finely- 
divided  glandular  membrane,  with  a  weak  acid  (less  than  .  2  per 
cent.)  or,  better,  with  a  large  quantity  of  glycerine,  and  subse- 
quently adding  HCl  to  the  extent  of  .2  per  cent. 
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MODE  OF  SECRETION. 

The  gastric  juice  is  not  secreted  in  large  quantity  when  the 
stomach  is  empty,  but  only  when  the  mucous  membrane  is  irri- 
tated with  some  chemical  or  mechanical  stimulus.  The  swal- 
lowing of  alkaline  saliva  acts  as  a  gentle  stimulus  and  causes 
secretion,  so  that  the  surface  of  the  stomach  becomes  acid.  When 
the  lining  membrane  of  the  stomach  is  mechanically  stimulated 
through  a  fistula  it  becomes  red,  and  drops  of  secretion  appear 
at  the  point  of  stimulation,  but  the  amount  of  secretion  thus 
produced  is  very  scanty  when  compared  with  that  called  forth 
by  chemical  irritants. 

Thus,  ether,  alcohol  and  pungent  condiments  produce  copious 
secretion.  Weak  alkaline  solutions  also  cause  secretion,  but  the 
most  perfect  form  of  stimulant  seems  to  be  a  mass  of  food  satu- 
rated with  alkaline  saliva. 

In  all  probability  the  secretion  of  the  gastric  juice  is  under  the 
control  of  a  special  nerve  mechanism,  and  the  way  in  which  the 
state  of  activity  follows  stimulation  of  the  part  seems  to  point  to 
its  being  a  simple  reflex  act.  However,  the  nervous  connections 
(vagi  and  splanchnics)  between  the  stomach  and  central  nervous 
system  may  all  be  severed  without  any  marked  effect  on  the 
secretion,  other  than  that  which  would  naturally  follow  the 
changes  in  the  amount  of  blood  supply,  which,  of  course,  is  greatly 
altered  by  cutting  the  vasomotor  nerves — the  splanchnics. 
Whether  this  be  so  or  not,  there  must  be  some  connection  with 
the  nerve  centres,  for  sudden  emotions  check  the  secretions,  and 
the  sensations  caused  by  the  sight  or  smell  of  food  give  rise  to 
gastric  secretion. 

It  has  been  suggested  that  Meissner's  submucous  ganglionic 
network  may  act  as  a  reflex  centre  and  regulate  the  secretion. 
But  as  the  reflection  from  local  ganglionic  centres  has  not  yet 
been  definitely  demonstrated,  we  are  hardly  entitled  to  assume 
that  it  occurs  here,  and  since  the  stimulus  comes  into  close  con- 
tiguity with  the  secreting  cells,  it  seems  quite  as  probable  that 
these  elements  are  excited  to  activity  by  direct  stimulation  of 
their  protoplasm. 

As  in   the  salivary  glands,  so  in  the  gastric  tubes,  the  cells 
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show  some  structural  changes  which  accompany  with  great  regu- 
larity their  periods  of  rest  and  activity,  and  therefore  may  be 
concUided  to  be  the  indications  of  the  internal  processes  belong- 
ing to  the  production  of  the  specific  materials  of  the  secretion. 

It  appears  probable  that  the  chief  secretory  activity  resides  in 
the  small  central  cells,  and  not  in  the  large  ovoid  border  cells, 
since  no  distinct  changes  can  be  seen  in  the  latter,  and  the 
smaller  gland  cells  seem  to  contain  the  pepsin ;  for  if  the  mucous 
membrane  be  treated  with  weak  hydrochloric  acid,  these  central 
gland  cells  are  rapidly  dissolved  by  a  process  of  digestion,  while 
the  border  cells  simply  swell  up  and  become  more  transparent. 
So  that  the  outer  ovoid  cells  have  no  title  to  their  former  name 
of  "peptic  cells.*' 

The  central  cells  of  the  gastric  glands  are  finely  granular,  pale, 
protoplasmic  masses,  and  continue  so  during  the  time  when  the 
stomach  is  empty  and  the  glands  not  secreting.  In  the  earlier 
stages  of  digestion  these  cells  swell  up  and  become  turbid  and 
coarsely  granular,  and  stain  more  readily  with  the  aniline  dyes. 
As  the  digestive  process  goes  on  the  cells  again  diminish  in  size, 
but  are  found  to  contain  a  large  quantity  of  i)eculiar  granules, 
which  are  discharged  from  the  cell  before  its  return  to  the  ordi- 
nary state  of  rest.  The  cells  are  said  to  be  rich  in  i)ei>sin  in 
proportion  to  their  size;  when  swollen  during  active  digestion 
they  contain  much  pepsin,  when  small,  during  hunger,  they  con- 
tain but  little. 

It  would  therefore  appear  that  the  pepsin  of  the  gastric  juice 
is  produced  as  a  distinct  and  new  manufacture  by  the  central 
cells  of  the  peptic  glands,  and  not  by  the  other  cells.  Stnictural 
changes  have  also  been  followed  out  in  the  so-called  mucous 
glands  and  in  glands  without  any  of  the  ovoid  border  cells, 
which,  taken  with  the  fact  that  the  alkaline  secretion  of  the 
pyloric  end  of  the  stomach,  where  the  mucous  glands  abound, 
is  capable  of  rapidly  digesting  proteid  if  acid  be  added  to  it, 
tends  to  show  that  in  these  so-called  mucous  glands  pepsin  is 
also  produced. 

The  acid  is  found  chiefly  on  the  surface  of  the  stomach.  The 
mode  of  its  production  seems  distinct  from  that  of  i)epsin,  but  is 
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not  well  understood.  Possibly  the  surface  epithelial  cells  store 
up  in  their  protoplasm  and  render  inert  the  small  quantities  of 
HCl  which  are  constantly  being  set  free  from  the  NaCl  by  the 
action  of  the  newly-formed  weak  organic  acids  (lactic,  etc.).  The 
amount  of  HCl  thus  slowly  accumulated  in  time  becomes  con- 
siderable and  is  discharged  by  the  cells  at  appropriate  periods. 

Although  the  fact  that  the  deeper  part  of  the  glands  do  not 
give  an  acid  reaction,  while  the  neck  and  orifices  of  the  gland 
are  distinctly  acid,  would  support  the  former  view,  there  is  some 
reason  for  believing  that  the  manufacture  of  acid  from  the  alka- 
line blood  is  really  an  active  process  carried  out  by  some  gland- 
ular cells. 

It  has  been  suggested  that  the  cell  elements  which  produce  the 
acid  are  the  ovoid  border  cells,  from  whence  it  rapidly  passes  to 
the  orifice  of  the  glands.  This  view  is  supported  by  the  alka- 
linity of  the  pyloric  end  of  the  stomach  where  the  border  cells 
are  not  found.  In  some  animals  the  distinct  distribution  of  the 
different  cell  elements  and  the  accompanying  reaction  of  the 
secretion  are  well  marked. 

ACTION  OF  THE  GASTRIC  JUICE. 

The  gastric  juice  has  in  the  absence  of  mucus  no  effect  on  the 
carbohydrates,  and  probably  the  amylolytic  fermentation  set  up 
by  the  saliva  is  impeded,  if  not  completely  checked,  by  the  free 
acid  in  the  stomach  as  soon  as  the  bolus  is  moistened  by  the 
gastric  fluid. 

/*afs  are  not  affected  by  the  gastric  juice,  but  are  simply  melted 
in  the  stomach. 

Upon  the  albuminous  bodies  the  gastric  digestion  produces 
a  marked  effect.  The  proteids  being  colloid  bodies,  cannot 
readily  pass  through  an  animal  membrane  by  the  process  called 
dialysis ;  it  has  therefore  been  assumed  that  they  cannot  be  ab- 
sorbed through  the  lining  membrane  of  the  stomach.  They  are 
often  eaten  in  an  insoluble  form.  To  convert  the  insoluble  and 
indiffusible  albumins  into  a  soluble  and  diffusible  substance 
would  obviously  be  a  great  step  toward  their  absorption.  This 
power  is  ascribed  to  the  gastric  juice.     The  steps  of  the  process 
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may  be  accurately  followed  in  a  suitable  glass  vessel,  irrespective 
of  the  stomach,  by  using  artificial  gastric  juice,  and  attending  to 
the  various  conditions  necessary  for  its  action.  The  power  of 
artificial  gastric  juice  carefully  prepared  from  the  mucous  mem- 
brane of  an  animars  stomach  differs  in  no  essential  respect  from 
that  of  the  natural  secretion  in  the  stomach,  if  all  the  circum- 
stances which  aid  the  action  of  the  gastric  ferments  be  applied 
in  the  exjjeriment.  This  action  consists  in  a  conversion  of  co- 
agulated albumins  into  the  peculiar,  soluble  and  more  diffusible 
form  of  proteid  known  as  "  peptones.** 

The  change  is  not  effected  immediately,  but  certain  stages  may 
be  recognized  in  which  the  two  chief  constituents  of  the  gastric 
juice,  the  acid  and  the  pepsin,  seem  to  have  sjDecial  parts  to  play. 

Shortly  after  the  introduction  of  a  proteid,  such  as  boiled 
fibrin,  into  gastric  fluid  at  the  temperature  of  the  body,  the 
masses  of  fibrin  swell  up,  become  transparent,  and  eventually  are 
easily  shaken  to  pieces  and  dissolved. 

The  first  step  in  the  process  seems  to  be  brought  about  by  the 
free  acid,  and  consists  in  the  formation  of  acid  albumin.  This 
can  be  shown  by  neutralizing  the  fluid  during  the  process  and 
thereby  causing  a  precipitate  of  acid  albumin.  The  amount  of 
this  precipitate  will  depend  upon  how  far  the  conversion  into 
peptone — ^which  is  not  precipitated  by  neutralization — has  pro- 
gressed. Thus,  in  the  earlier  stages,  nearly  all  the  proteid  used 
will  be  thrown  down  by  neutralization,  while  only  a  compara- 
tively small  amount  is  precipitated  in  the  later  stages. 

The  formation  of  acid  albumin  may  be  effected  with  weak  acid 
without  the  other  constituents  of  the  gastric  juice,  and  therefore 
the  preliminary  step  may  be  attributed  to  the  unaided  action  of 
the  acid  ;  but  since  this  stage  in  the  formation  of  peptone  is  con- 
stant, and  the  material  may  possibly  be  distinguishable  from  the 
ordinary  acid  albumin,  it  has  been  called  parapeptone. 

While  the  parapeptone  is  l^eing  formed  by  the  acid,  the  pepsin 
is  engaged  in  changing  it  into  the  final,  soluble,  diffusible  and 
uncoagulable  product — peptone.  The  pepsin  by  itself  cannot 
convert  proteid  into  peptone,  as  may  be  seen  in  the  want  of  effi- 
cacy of  a  neutral  solution  of  pepsin,  in  which  neither  peptone 
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nor  parapeptone  is  formed.  In  other  words,  pepsin  solution  can 
only  change  parapeptone  or  acid  albumin  into  peptone.  It 
would  appear  probable,  however,  that  it  possesses  this  property  to 
an  unlimited  extent,  since  it  undergoes  no  change  itself,  and  with 
fresh  supplies  of  acid  a  very  minute  quantity  of  pepsin  can  con- 
vert an  indefinite  amount  of  proteid  into  peptone. 

The  rapidity  with  which  proteid  is  converted  varies  according 
to  the  circumstances  under  which  it  is  placed  as  well  as  the  kind 
of  proteid  used.  If  the  same  proteid  be  used,  the  following 
circumstances  will  be  found  to  influence  the  rapidity  of  the  pro- 
cess: — 

1.  The  temperature.     As  already  stated,  the  optimum  de- 

gree of  heat  for  the  change  is  about  that  of  the  body. 

The  activity  of  the  gastric  juice  diminishes  when  the 
temperature  rises  above  or  falls  below  this  standard. 
The  minimum  at  which  it  is  capable  of  producing  any 
effect  is  about  1°  C.  and  the  maximum  is  below  70°  C. 
Boiling  permanently  destroys  the  function  of  i)epsin. 

2.  The  percentage  of  acid  as  well  as  the  kind  of  acid  has  a 

marked  effect.  Though  the  action  will  go  on  with  other 
acids,  hydrochloric  is  the  most  effective,  and  that  of 
a  strength  of  .  2  per  cent, 

3.  A  condensed  solution  of  peptone  or  large  quantities  of 

salts  in  solution  impede  the  action,  a  certain  degree  of 
dilution  being  necessary  for  the  process.  In  strong 
solutions  of  proteid,  the  peptones  must  be  removed  by 
dialysis  in  order  to  allow  of  the  continuance  of  the 
action.  This  occurs  in  the  stomach  by  means  of  the 
blood  and  absorbent  vessels. 

4.  The  degree  of  subdivision  to  which  the  proteid  has  been 

subjected  materially  influences  the  rapidity  of  its  con- 
version into  peptone.  The  more  finely  subdivided  the 
substance  the  greater  will  be  the  relative  extent  of  sur- 
face exposed  to  the  action  of  the  digestive  fluids.  When 
large  masses  of  coagulated  albumin,  such  as  boiled 
white  of  ^g'g,  are  introduced  into  the  stomach,  the  gas- 
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trie  fluid  cannot  reach  the  central  portions,  and  their 
digestion  must  await  the   completion  of  that  of  the 
exterior  part. 
5.  Motion  aids  the  action  of  the  foregoing  factors. 

All  these  requisites  are  present  during  normal  digestion. 

The  temperature  of  the  stomach  is  38°  C.  (=  100°  F.).  Hy- 
drochloric acid  is  present  in  the  proportion  of  about  .2  per  cent. 
As  quickly  as  the  peptones  are  formed  they  can  be  removed  by 
absorption  from  the  stomach,  and  thus  the  needful  dilution  is 
accomplished.  Finally,  if  the  mouth  has  done  its  duty,  the 
pieces  of  proteid  have  been  reduced  to  a  pulp,  composed  of 
minute  particles.  These  are  kept  in  constant  motion  by  the  gas- 
tric walls,  and  thus  are  repeatedly  brought  in  contact  with  fresh 
supplies  of  the  digestive  fluid. 

There  can  be  little  doubt  that  the  conversion  of  proteid  into 
peptone  is  normally  brought  about  by  the  pepsin,  which  acts  as 
a  ferment,  in  some  way  or  other  facilitating  a  process  which 
without  it  is  extremely  difficult  to  accomplish.  Proteids  may, 
however,  give  rise  to  peptone  without  the  presence  of  any  pepsin, 
if  they  be  treated  with  strong  acids,  alkalies,  boiling  under  high 
pressure,  putrefactive  and  other  fermentative  actions.  This, 
together  with  the.  analogy  suggested  by  the  chemical  details  of 
the  amylolytic  action  of  saliva,  which  one  may  say  depends  on  a 
molecule  of  water  being  taken  up,  suggests  that  the  change  of 
proteid  into  peptone  is  also  hydrolytic,  the  peptones  being  simply 
an  extremely  hydrated  form  of  proteid.* 

So  far  we  have  found  that  the  action  of  the  gastric  juice  afi*ects 
proteids  alone.  Its  action  on  other  constituents  of  food  varies. 
Gelatinous  material  is  dissolved  by  the  gastric  digestion  and  ren- 
dered incapable  of  forming  a  jelly  ;  its  conversion  into  peptone 


*  Though  proteids  will  not  diffuse  through  a  dead  animal  membrane  when  distilled  water 
is  used,  a  fair  amount  of  diffusion  takes  place  if  a  suitable  solution  of  common  salt  be  em> 
ployed  instead  of  water.  It  must  also  be  remembered  that  the  gastric  mucous  membrane  is 
a  living,  active  structure,  and  that  the  fluid  into  which  the  albumins  have  to  diffuse  may  be 
regarded  as  a  salt  solution.  It  is  therefore  quite  probable  that  a  considerable  quantity  of 
albumin  may  be  absorbed  as  such.  The  fact  that  peptone  cannot  be  found  in  any  quantity 
in  chyle  or  portal  blood  tends  to  prove  that  the  albumin  does  pass  through  the  stomach  wall 
without  being  changed  into  peptone. 
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has,  however,  not  been  established.  The  connective  tissue  of 
meat  and  adipose  tissue  is  therefore  soon  removed,  and  the  muscle 
fibres  fall  asunder,  the  sarcolemma  is  dissolved,  and  the  muscle 
substance  converted  into  true  peptone.  The  delicate  sheets  of 
elastic  tissue,  such  as  basement  membranes  and  those  of  small 
vessels,  are  dissolved,  but  larger  masses  of  yellow  elastic  tissue 
are  not  affected  by  the  gastric  digestion.  The  horny  part  of  the 
epidermis,  hairs,  etc.,  are  quite  unaltered,  and  also  the  mucus, 
which  passes  along  the  alimentary  tract  without  change.  Bone 
dissolves  slowly,  the  animal  part  being  attacked  at  the  surface 
by  the  gastric  jiiice  and  the  acid  slowly  removing  the  salts. 

The  action  of  the  gastric  juice  on  milk  is  peculiar.  On  reach- 
ing the  stomach,  milk  is  curdled  by  a  special  ferment  formed  in 
the  gastric  mucous  membrane.  This  ferment,  known  as  **  Ren- 
net," is  made  frorn  the  stomach  of  the  calf,  and  used  in  the 
manufacture  of  cheese.  The  precipitation  of  the  casein  (alkali 
albumin),  which  gives  rise  to  the  curdling  of  the  milk,  is  not 
brought  about  by  the  hydrochloric  acid  (although  the  acidity 
would  be  quite  sufficient),  because  neutralized  gastric  juice  has 
the  same  effect.  It  appears  that  a  special  ferment  (not  pepsin) 
which  directly  affects  the  casein  and  causds  its  coagulation,  must 
exist.  It  is  not  due  to  common  lactic  ferment,  for  though  lactic 
acid  is  produced,  it  is  formed  too  slowly  to  account  for  the  very 
rapid  coagulation  of  milk  which  occurs  in  the  stomach. 

The  gastric  juice  has  little  effect  on  vegetable  food  in  general, 
though  well-masticated  bread  may  be  very  materially  altered, 
owing  to  the  action  of  the  saliva  on  the  starch  continuing  until 
the  mass  is  broken  up,  and  the  gastric  juice  then  dissolving  the 
proteids  (gluten).  The  greater  part  of  the  substance  of  bread, 
however,  leaves  the  stomach  in  an  imperfectly  digested  state. 

In  short,  the  amount  of  change  which  any  given  form  of  food 
will  undergo  in  the  stomach  will  depend  on  the  amount  and 
exposed  condition  of  the  proteid  it  contains. 

In  recapitulating  the  chief  events  of  gastric  digestion,  it  must  be 
remembered  that  while  the  food  is  yet  in  the  mouth  the  secretion 
of  the  gastric  juice  commences,  and  is  greatly  increased  by  the 
arrival  of  a  bolus  of  food  and  a  quantity  of  frothy  alkaline  saliva. 
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\s  the  stomach  is  filled,  more  and  more  secretion  is  produced, 
and  as  some  food  is  absorbed  an  additional  stimulus  is  applied. 
Being  kept  in  motion  in  a  large  quantity  of  liquid  which  dis- 
solves the  cases  in  which  the  food  particles  are  contained,  the 
bolus  of  food  soon  falls  asunder  and  each  of  its  ingredients  is 
fully  exposed  to  the  action  of  the  gastric  juice.  The  acid  reac- 
tion of  the  gastric  fluid  neutralizes  the  alkalinity  of  the  saliva, 
so  that  the  action  of  the  ptyalin  is  hindered,  and  the  starch 
granules  float  &bout  quite  unaffected  by  the  pei>sin  or  hydro- 
chloric acid.  The  heat  of  the  stomach  melts  the  fats,  and  the 
motion  breaks  up  the  oily  fluid  into  smaller  masses.  They  are 
then  mingled  with  the  general  liquid,  which  becomes  more  and 
more  turbid  owing  to  the  admixture  of  starch  granules,  fat  glo- 
bules, dissolved  parapeptones,  and  minute  particles  of  partially 
digested  proteids.  This  dull-gray,  turbid  fluid  is  called  chyme. 
The  proteids  (the  class  of  food  stuffs  affected  by  the  gastric 
digestion)  are  changed  more  or  less  rapidly  according  as  their 
pxarticles  are  small  and  uncovered,  or  large  and  massed  together, 
so  that  they  are  more  or  less  readily  reached  by  the  gastric  juice, 
and  also  in  proportion  to  the  facility  with  which  they  form  acid 
albumin.  The  chyme  contains  but  little  peptones,  so  we  may 
conclude  that,  when  fonned,  they  are  rapidly  absorbed,  as  are 
also  the  soluble  sugar  and  ordinary  fluids  taken  with  the  food. 
The  chyme  begins  to  leave  the  pylorus  soon  after  gastric  diges- 
tion has  begun,  some  passing  into  the  duodenum  in  about  half  an 
hour.  The  materials  which  resist  the  gastric  secretion,  or  are 
affected  very  slowly  by  it,  are  retained  many  hours  in  the 
stomach,  and  the  pylonis  may  refuse  exit  to  such  materials  for 
an  indefinite  time,  so  that  after  causing  much  uneasiness  they 
are  finally  removed  by  vomiting.  However,  many  solid  masses, 
unchewed  vegetables,  etc.,  escape  through  the  pylorus  when  it 
opens  to  let  out  the  chyme. 
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CHAPTER  IX. 

PANCREATIC  JUICE. 

The  copious  secretions  of  two  of  the  largest  glands  of  the  body 
— the  pancreas  and  the  liver — are  poured  into  the  duodenum. 
.This  is  the  widest  part  of  the  small  intestine,  and  the  extent  of 
the  surface  of  its  lining  membrane  is  increased  by  crescentic, 
shelf-like  projections  called  valvula  contiiventesy  so  that  its  secret- 
ing follicles  are  numerous.  In  its  walls  are  also  small  racemose 
glands  not  found  in  other  parts  of  the  alimentary  tract. 

The  pancreas  is  a  large  compound  sacculated  or  acinous  gland, 
composed  of  numerous  irregular  packets  of  gland  tissue  attached 
by  its  lateral  branchlets  to  the  main  central  duct.  The  saccules 
are  elongated,  and  have  the  same  general  construction  as  those 
of  the  serous  salivary  glands  already  described,  but  they  are  less 
closely  held  together  by  the  intervening  connective  tissue,  and 
thus  the  pancreatic  tissue  does  not  show  such  a  regular  and  com- 
pact arrangement  on  section  as  the  salivary  glands.  A  single 
layer  of  irregular  or  slightly  conical  secreting  cells  in  the  sac- 
cule, shows  a  difference  of  structure  in  its  central  or  peripheral 
sides,  so  that  an  external  or  homogeneous  zone,  and  an  internal 
granular  zone,  may  be  distinguished.  Each  zone  corresponds  to 
one-half  of  the  cells,  the  clear  half  being  next  the  boundary,  and 
the  granular  half  next  the  lumen  of  the  saccule.  The  relative 
width  of  these  zones  varies  with  the  digestive  process,  so  that  the 
nuclei  which  are  situated  between  them  sometimes  ap])ear  to 
be  in  the  outer  clear  zone,  and  sometimes  in  the  inner  granular 
zone.  The  outer  zone  colors  readily  with  carmine,  while  the 
inner  zone  remains  unstained. 

The  large  duct  which  passes  down  the  axis  of  the  gland,  receiv- 
ing tributaries  on  all  sides,  is  surrounded  with  a  layer  of  loose 
connective  tissue  which  forms  its  outer  coat.  The  proj^er  coat  of 
the  duct  is  composed  of  elastic  tissue,  lined  by  a  single  layer  of 
cylindrical  epithelium. 
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COLLECTION  OF  PANCREATIC  JUICE. 

From  a  temporary  fistula  the  secretion  of  the  pancreas  can  be 
obtained  in  sufficient  quantity  to  determine  its  character  and 
properties.  It  is  difficult  to  establish  a  satisfactory  permanent 
fistula:  the  secretion  soon  alters  its  characters,  becoming  thin, 
and  losing  its  efficacy,  probably  owing  to  an  altered  or  abnormal 
state  of  the  gland. 

An  artificial  pancreatic  juice  may  be  extracted  by  water  from 
the  gland  taken  a  few  hours  after  death  from  ^n  animal  killed 
during  active  digestion  (a  couple  of  hours  after  eating)  and  care- 
fully minced.  This  extract,  used  with  proper  precautions,  will 
have  the  same  effect  as  the  secretion  itself. 

A  glycerine  solution  containing  the  active  principles  of  the  pan- 
creatic secretion  may  be  made  from  the  pancreas  by  treating  the 
minced  gland  for  a  couple  of  days  with  absolute  alcohol,  remov- 
ing the  alcohol,  and  allowing  it  to  soak  for  a  week  in  sufficient 
glycerine  to  cover  it.  This  glycerine  extract,  filtered,  contains 
but  little  else  than  pancreatic  ferments. 

Characters  of  the  Secretion. — llie  pancreatic  juice  is  a 
very  thick,  transparent,  colorless,  strongly  alkaline  fluid,  which 
turns  to  a  jelly  if  cooled  to  o*^  C.  It  often  contains  about  ten 
per  cent,  of  solids  when  obtained  from  a  temporary  fistula,  but  it 
may  have  as  little  as  two  per  cent. 

Of  these  a  considerable  proportion  are  organic,  namely  :  — 

1.  Albumin,  which  is  coagulated  by  boiling. 

2.  Alkali  albumin,  precipitated  by  acetic  acid  or  by  adding 

magnesium  sulphate  to  saturation. 

3.  Leucin  and  tyrosin. 

4.  Fats  and  soaps. 

5.  Salts,  particularly  sodium  carbonate,  to  which  it  owes  its 

alkalinity. 

6.  Three  ferments,  to  which  it  owes  its  specific  action  on 

the  food  stuffs. 

Mode  of  Secretion. — The  pancreas  does  not  continue  in  a 
state  of  activity  during  the  interval  between  the  j^eriods  of  active 
digestion.     When  the  gland  is  at  rest  it  is  of  a  pale  yellow  color, 

14 
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and  is  flaccid,  but  during  active  digestion  it  becomes  more 
turgid,  and  assumes  a  pinkish  color,  from  the  increased  flow  of 
blood.  The  secretion  commences  immediately  after  taking  food, 
and  rises  rapidly  for  a  couple  of  hours,  then  falls  and  rises  again 
in  the  later  hours  of  digestion,  five  to  seven  hours  after  a  meal : 
then  it  gradually  falls  for  eight  to  ten  hours,  and  ceases  com- 
pletely when  digestion  is  at  an  end.  The  first  rise  which  accom- 
panies the  introduction  of  food  into  the  stomach  is  certainly 
brought  about  by  .nervous  agencies  of  a  similar  nature  to  those  of 
the  stomach,  the  secretion  of  which  follows  closely  upon  mastica- 
tion. The  second  accompanies  the  passage  of  the  undigested 
food  through  the  small  intestines,  and  may  be  most  conveniently 
explained  as  the  result  of  reflex  nervous  stimulation  of  the  gland 
cells. 

The  great  complexity  of  the  nervous  mechanism  of  the  glands 
of  the  intestinal  tract  makes  it  difficult  to  ascertain  the  exact 
channels  traversed  by  the  afferent  and  efferent  impulses.  The 
following  observations,  if  accurate,  would  tend  to  prove  that  cer- 
tain inhibitory  impulses  pass  from  the  stomach  along  the  vagiis 
to  the  medulla,  and  are  thence  reflected  to  the  gland  by  its  vaso- 
motor nerves.  During  vomiting,  or  when  the  central  end  of  the 
divided  vagus  is  stimulated,  the  secretion  of  the  pancreas  ceases. 
Section  of  the  nerves  which  surround  the  blood  vessels  distrib- 
uted to  the  pancreas  causes  considerable  (paralytic)  flow  of 
secretion  which  stimulation  of  the  vagus  cannot  check. 

No  nerve  channels  have  been  demonstrated  to  carry  exciting 
impulses  direct  to  the  glands,  as  the  chorda  tympani  does  to  the 
submaxillary ;  but  the  direct  stimulation  of  the  gland  itself,  or  of 
the  medulla  oblongata,  is  said  to  induce  activity  of  the  gland. 

Structural  Changes  in  the  Cells  during  Secretion, — During  the 
period  of  rest,  /.  <f.,  no  secretion  flowing  from  the  duct,  and  the 
gland  being  pale,  the  gland  cells  in  the  acini  undergo  a  change 
which  may  be  compared  with  that  observed  in  the  cells  of  the 
serous  salivary  glands.  The  division  of  the  row  of  cells  lining 
the  acinus,  into  a  central  granular  and  outer  clear  zone,  has 
already  been  mentioned. 

Immediately  after  very  active  secretion,  the  central  granular 
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zone  Ls  reduced  to  a  minimum,  owing  to  the  paucity  of  granules; 
and  the  outer  zone  occupies  the  greater  ])art  of  the  cell,  the 
entire  substance  of  which  stains  readily  and  looks  Hke  grdinary 
protoplasm.  After  rest,  however,  the  granules  reappear,  and 
after  the  lapse  of  a  short  quiescent  period,  the  inner  granular 
zone  has  again  encroached  on  the  outer,  owing  to  the  accumula- 
tion of  granules  which,  rapidly  increasing,  fill  the  greater  part  of 
the  celk,  and  cause  them  to  bulge  inward  and  occlude  the  lumen 
of  the  gland.  As  digestion  proceeds,  the  cells  undergo  a  sUght 
change  in  form,  so  that  each  individual  cell  is  more  distinctly 
seen,  and  its  angles  are  retracted,  giving  a  notched  api>earance 


A-  Afler  a  period  of  t«i,  in  which  ciK  the         B.  After  ihe  gland  hai  paurcd  out  in  »cr«- 
uuilincof  IhaaUmreindiuincl.and  lion,  when  the   cell   oiilline<   (.1)   »re 

■he  inner  une.  1.  r.  Ihe  pan  or  the  cell!  clearer,  the  (Tsnular  lone  (a)  il  aauntr, 

filied'wilhSneinDuIei.'  (A'WtifaWZro,) 

to  the  margin  of  the  acinus.  1'he  blood  supply  during  this 
■period  is  much  increased,  red  arterial  blood  flowing  from  the 
veinlets  of  the  gland.  At  the  same  time  the  granules  are  dimin- 
ished in  numljer,  escaping  at  the  free  central  margin  of  the 
cells  into  the  lumen,  toward  which  theyapjjear  to  crowd,  leaving 
the  outer  zone  once  more  clear  and  free  from  granules,  while  the 
lumen  of  the  saccule  and  of  the  ducts  is  filled  with  secretion. 

The  examination  of  a  single  cell  shows  that  during  the  period 
of  rest  with  a  comiiaratively  jwor  supply  of  blood,  it  receives  its 
normal  nutrition,  which  is  accompanied  by  an  accumulation  of 
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granules  in  the  protoplasm  next  the  free  side  of  the  cell.  During 
secretion  these  granules  are  pushed  out  of  the  cell,  and  seem  in 
some  way  to  form  the  secretion. 

It  will  be  seen  immediately  that  one  of  the  most  important 
functions  of  the  pancreatic  juice  is  the  formation  of  peptone  from 
proteid,  which  operation  is  carried  out  by  a  special  ferment  called 
trypsin.  It  has  been  found  that  this  ferment  c^n  only  be  obtained 
from  the  active  pancreas,  and  that  the  wider  the  inner  granular 
zone  of  the  cells  is,  the  richer  in  ferment  is  the  glycerine  extract 
made  from  the  gland.  But  it  has  also  been  found  that  if  a  glycer- 
ine extract  be  at  once  made  from  an  actively  secreting,  abso- 
lutely fresh  gland,  /.  ^.,  removed  from  the  dead  animal  while 
still  warm,  the  extract  is  found  to  be  quite  inert  toward  proteids, 
while  an  extract  made  from  a  portion  of  the  same  pancreas  ^"hich 
has  been  kept  some  hours  after  death  is  very  active ;  and  a  |X)r- 
tion  of  the  fresh  pancreas  pounded  in  a  mortar  with  a  little  weak 
acid  so  as  to  develop  the  trypsin  acts  in  an  alkaline  solution  and 
forms  peptone  energetically. 

We  must  therefore  conclude  that  the  special  proteolytic  fer- 
ment of  the  pancreas  does  not  exist  prior  to  the  period  at  which 
the  secretion  is  poured  out  from  the  gland  cells. 

Although  a  definite  relation  seems  to  exist  between  the  amount 
of  granules  in  the  active  cells  and  the  degree  of  efficacy  of  the 
secretion,  the  ferment  does  not  appear  in  full  force  for  some  time 
after  the  height  of  the  gland  activity  has  been  established,  and 
it  is  likely  that  the  presence  of  an  acid  helps  in  the  birth  of  the 
ferment. 

It  has  therefore  been  assumed  that  the  granules  of  the  gland 
cells  give  rise,  not  to  the  proteolytic  ferment,  but  to  a  ferment- 
producing  substance  which  is  called  Zymogen. 

So  that  if  we  trace  the  history  of  the  pancreatic  proteolytic 
ferment,  we  shall  find  that,  so  far  as  this  trypsin  is  concerned, 
there  can  be  no  question  as  to  whether  it  preexists  in  the  blood 
and  is  removed  thence  by  the  gland  or  not,  because  by  studying 
the  process  the  final  elaboration  of  the  secretion  is  seen  to  take 
place  after  it  has  got  into  the  ducts  or  into  the  intestinal  cavity. 
Thus  the  blood  gives  nutriment  to  the  protoplasm  of  the  gland 
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cells.  The  protoplasm  of  the  cells,  by  its  intrinsic  chemical  pro- 
cesses, manufactures  i)eculiar  granules.  These  granules  give  rise, 
among  other  things,  to  zymogen,  which  in  the  presence  of  an 
acid  begets  trypsin. 

PANCREATIC  DIGESTION. 

The  pancreatic  juice  is,  of  all  digestive  fluids,  the  most  general 
solvent.  It  acts  upon  the  three  great  classes  of  food  stuffs  which 
require  modification  to  enable  them  to  pass  through  the  barrier 
that  intervenes  between  the  intestinal  cavity  and  the  blood  cur- 
rent. It  changes  proteids  into  peptones,  emulsifies  fatty  sub- 
stances, and  converts  starch  into  soluble  sugar.  The  ferments  to 
which  its  activity  is  due  may  be  separately  described. 

I.  Action  0/  Pancreatic  Juice  on  Proteids. — The  ferment  which 
produces  peptone  is  trypsin.  Some  of  the  conditions  recjuired  for 
its  perfect  operation  are  the  same  as  those  necessary  for  the  action 
of  the  gastric  ferment, /<^w«  ;  namely,  a  certain  degree  of  dilu- 
tion, and  a  temperature  of  about  40*^  C.  But  it  differs  from 
j)epsin  in  the  most  important  characteristic  of  its  action.  While 
the  presence  of  an  acid  is  absolutely  necessary  for  peptic  proteo- 
lysis, we  find  that  an  alkaline  reaction  is  recpiired  for  this  action 
of  the  pancreatic  ferment,  and  as  the  peptic  peptone  has  to  pass 
through  preliminary  stages  in  which  it  closely  resembles  acid 
allmminy  so  the  tryptic  peptone  is  first  produced  from  alkali  albu- 
min, which  has  been  formed  as  a  preliminary  step  by  the  alkali 
of  the  ])ancreatic  juice.  The  addition  of  the  sodium  carbonate 
aids  the  action,  and  indeed  seems  to  play  a  part  which  closely 
corresponds  to  that  taken  by  the  hydrochloric  acid  in  gastric 
digestion. 

The  change  to  alkali  albumin  and  peptone  as  accomplished  by 
the  trypsin,  is  not  accompanied  by  any  swelling  of  the  albumin 
such  as  occurs  in  the  formation  of  the  acid  albumin  in  the  stom- 
ach, but  the  proteid  is  gradually  eroded  from  the  surface  and 
thus  diminished  in  size. 

Moreover,  the  alkali  albumin  is  not  made  directly  into  pep- 
tone, but  passes  through  a  stage  in  which  it  resembles  globulin, 
and  is  soluble  in  sohitions  of  sodium  chloride. 
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Besides  these  differences  between  the  mode  of  action  of  pe])sin 
and  trypsin  in  producing  peptones,  trypsin  has  a  peculiar  power 
upon  proteids,  which  has  no  analogue  in  the  peptic  action. 
While  the  pancreatic  peptone  is  being  produced,  a  further  change 
occurs,  which  gives  rise  to  the  formation  of  two  crystal lizable 
nitrogenous  bodies  known  as  Uuctn  and  tyrosin,  the  former  belong- 
ing to  the  fatty  acid,  and  the  latter  to  the  aromatic  acid  group. 
These  substances,  which  are  commonly  found  together  as  a  result 
of  the  decomposition  of  peptones,  seem  inseparable  from  iian- 
creatic  digestion,  and  increase  in  amount  toward  the  later  stages 
of  the  process. 

The  amount  of  peptone  produced  reaches  a  maximum  in  about 
four  hours,  after  which  the  proportion  of  the  different  unknown 
decomposition  products  appears  to  increase  at  the  expense  of  the 
peptone.  Among  these  substances  must  be  named  ifuiol  and 
skatoly  the  materials  from  which  the  process  of  pancreatic  diges- 
tion derives  its  peculiarly  disagreeable  odor. 

This  breaking  up  of  the  surplus  proteid  food  into  bodies  which 
cannot  be  of  much  utility  in  the  economy,  and  which,  as  will 
appear  hereafter  (compare  Chapter  xxiii),  are  but  a  step  in  the 
direction  of  their  elimination,  is  probably  an  important  part  of 
the  pancreatic  function,  as  it  relieves  the  economy  of  a  surcharge 
of  albuminous  substances. 

Small  quantities  of  phenol  are  also  found  in  conjunction  with 
the  above. 

II.  Action  on  Fat. — The  action  of  the  pancreatic  juice  on  fats 
is  of  two  kinds,  (i)  Saponification. — By  the  action  of  a  sjiecial 
ferment  (steapsin)  a  small  proportion  of  the  neutral  fats  is  split 
up  into  glycerine  and  the  corresix)nding  fatty  acids.  The  acids 
thus  produced  readily  unite  with  the  alkali  present,  to- form  a 
little  soap.  The  chemistry  of  the  change  will  be  found  at  p.  79, 
and  may  be  shortly  stated,  taking  olein  as  an  example.  Olein  is 
a  compound  of  oleic  acid  and  glycerine.  Olein  in  presence  of 
this  ferment  and  soda  gives  glycerine  and  oleic  acid,  and  the 
latter  combines  with  soda  to  form  soap.  This  process  materially 
aids  in  the  next.  (2)  Emulsification. — Which  means  that  the 
fat  is  reduced  to  a  state  of  very  fine  subdivision,  as  it  exists  in 
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mi\k.  The  production  of  this  condition  is  facilitated  by  (a),  the 
albumin  in  solution ;  (^),  the  alkalinity  of  the  fluid ;  (c),  the 
presence  of  soap  alluded  to  above;  and  (^/),  the  motion  of  the 
intestines.  This  process  of  emulsification  may  be  imitated  by 
a-dding  about  one-quarter  volume  of  rancid  linseed  oil  to  a  solution 
of  sodic  carbonate  and  shaking  in  a  test  tube.  It  will  be  found 
that  the  addition  of  a  little  soap  and  albumin  will  make  the 
emulsion  more  jDerfect  and  more  permanent. 

III.  Action  on  Starch. — The  amylolitic  power  of  the  pancreatic 
juice  depends  on  a  separate  ferment  {Amyiopsin^,  Its  action 
seems  to  be  identical  with  that  of  the  saliva,  with  the  exception 
that  it  is  more  rapid  and  energetic,  and  is  said  to  affect  raw  as  well 
as  boiled  starch.  This  power  is  found  to  exist  in  the  extract  of 
the  gland,  whether  it  has  been  removed  from  a  fasting  or  from  a 
recently  fed  animal,  and  therefore  does  not  dej^nd  upon  the 
gland  being  engaged  in  active  secretion. 
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CHAPTER  X. 

BILE. 


The  liver  has  two  chief  functions,*  which  are  so  distinct  in 
their  ultimate  object  that  they  may  be  conveniently  described 
separately.     One  of  these,  namely,  the  secretion  of  bile,  is  mainly 


Bile  is  one  of  the   fluids  connected   with  digestion,  being 
[mured    into  the  intestine,  and  therefore  is  treated   under  this 


heading  ;  but  its  influence  upon  digestion  is  not  so  great  as  wa.'i 
formerly  supixwed. 

'Hie  other  function  of  the  liver  is  nutritive,  consisting  in  the 
formation  of  gfyfogen.  The  glycogenic  function  of  the  liver 
belongs  to  the  history  of  the  nutrient  niaterials  after  their  absorp- 
tion, and  is  of  the  first  importance  in  attaining  the  elalwraiion 
of  the  blood,  and  will  therefore  be  reser\'ed  for  the  chapter  on 
that  subject. 
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Among  the  most  striking  peculiarities  of  the  liver  may  be 
mentioned  the  following  facts:  (i)  It  has  a  receptacle,  the  gall 
bladder,  for  storing  the  secretion  until  required.  (2)  It  has  a 
double  blood  supply.  It  receives  by  the  hepyatic  artery  a  small 
supply  of  fresh  arterial  blood  as  well  as  all  that  coming  from 
the  spleen,  pancreas  and  intestinal  canal,  collected  by  the  tribu- 
taries of  the  great  portal  vein,  and  distributed  by  its  branches  to 
the  liver.  (3)  A  regular  network  is  formed  by  the  minute  chan- 
nels (bile  capillaries),  which  freely  anastomose  between  the  cells. 
(4)  Although  in  the  embryo,  and  in  many  animals,  the  liver  is 
a  compound  saccular  gland,  the  arrangement  of  the  duct  radi- 
cles and  the  saccules  is  so  modified  in  the  higher  animals  and 
man,  that  their  relationship  is  no  longer  apparent,  and  the  struc- 
ture is  best  understood-  by  following  its  vascular  groundwork. 

STRUCTURE  OF  THE  LIVER. 

On  the  surface  of  the  liver  are  seen  with  the  naked  eye  small 
rounded  markings  about  the  size  of  a  pin*s  head,  which  give  the 
organ  a  mottled  appearance.  This  is  much  more  striking  in 
some  animals  (giraffe,  bear,  pig)  than  others,  but  is  easily  recog- 
nizable in  the  livers  of  all  mammalia.  These  little  areas  are  the 
surfaces  of  the  lobules  of  the  liver.  They  are  surrounded  by  a 
dark-red  boundary,  and  their  centre  is  marked  by  a  dark  spot, 
between  these  is  a  paler,  yellowish  zone.  The  dark  parts  corre- 
spond to  the  blood  vessels,  and  have  a  constant  relation  to  the 
lobules. 

The  entire  liver  is  made  up  of  these  little  lobules,  and  each 
one  of  them  has  the  same  construction  and  blood  supply,  and 
therefore  forms  in  itself  a  little  liver  perfect  in  all  its  structural 
arrangements,  so  that  the  description  of  one  such  unit  will  suffice 
to  give  an  idea  of  the  structure  of  the  gland.  For  other  details, 
anatomical  works  must  be  referred  to. 

The  branches  of  the  large  portal  vein  and  those  of  the  small 

hepatic  artery  pursue  the  same  course  through  the  gland,  and 

are  enclosed  in  a  sheath  of  connective  tissue  (cai)sule  of  Glisson), 

which  also  forms  the  bed  of  the  hepatic  duct  and  its  numerous 

tributaries.     If  these  branching  vessels  be  followed  to  their  final 
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ramifications,  they  are  found  to  pass  around  and  between  th^ 
neighboring  lobules.  The  branches  of. the  portal  ^ein  in  this 
situation  receive  the  name  of  the  interlobular  veins.     They  anas- 


tomose freely  with  the  terminal  veinlels  in  the  vicinity,  so  as  to 
form  a  network    round  each  lobule.      From  this  a  number  of 
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capillary  vessels  pass  into  the  lobule,  and,  lying  between  the 
gland  cells,  form  a  network  wiih  long  meshes  radiating  from  the 
centre.  These  are  the  lobular  blood  capillaries.  The  vessels  of 
this  radiating  capillary  network  become  larger  as  they  unite  and 
converge  to  the  centre  of  the  lobule,  where  they  open  into  a 
central  vein  which  lies  in  immediate  apposition  with  the  gland 
cells.  This  vein  is  called  the  intralobular  vein,  and  is  the  radicle 
of  the  efferent  or  hepatic  vein,  which  carries  the  blood  of  the 
liver  to  the  inferior  vena  cava. 

The  ultimate  ramifications  of  the  hepatic  artery  can  be  traced 
to  various  destinations.     Some  pass  into  the  walls  of  the  accom- 


(«)  The  «aine  five,  when  ihey  br 
disalioD  coDUinirc  nrracting  g! 

pianying  vein  and  duct  and  the  connective  tissue  which  surrounds 
these  vessels.  Many  of  the  arterial  capillaries  unite  with  off- 
shoots from  the  interlobular  venous  plexus,  and  thus  reinforce 
the  lobular  capillaries.  Other  branches  form  a  lobular  capillary 
plexus,  which  joins  the  capillaries  of  the  vena  porta,  together 
with  that  from  the  walls  of  the  vein  and  duct. 

The  blood  flowing  to  the  liver  in  the  great  vena  porta  and  the 
hepatic  artery  is  thus  conducted  by  those  vessels  to  the  bound- 
aries between  the  lobules  (interlobular  veins),  and  thence  streams 
through  the  converging  lobular  blood  capillaries  to  the  intra- 
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lobular  vein,  and  is  collected  from  the  latter  by  the  sublobulai 
tributaries  of  the  he[)atic  vein,  by  which  it  is  conducted  back  10 
the  general  circulation,  and  enters  the  heart  by  the  inferior  vena 
cava. 

Between  the  meshes  of  the  lobular  capillaries  the  g\aiid  cells 


\owin  ponion  at  ihe  time  hFghly  mafnified.  (n)Liver   nil  with  (>)  niKkui;  {<•)  Bbod 
ajillariet  cut  aciou,  puting  aUni;  angln  of  celli^  .(OBJk  upillario  helmcn  latlBxl 
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are  tightly  packed.  These  are  large,  soft,  polyhedral  cells,  with 
one,  two,  or  even  more  nuclei,  and  no  trace  of  a  limiting  mem- 
brane. Owing  to  the  shape  of  the  capillary  meshes,  the  cells  are 
placed  in  rows  radiating  from  the  centre  of  the  lobule  toward 
the  periphery. 

The  blood  capillaries  are  said  to  pass  along  the  angles  and 
edges  of  these  cell  blocks  so  as  not  to  come  into  close  relation 
to  the  bile  capillaries  (Fig.  71).  The  finely  granular  protoplasm 
of  the  liver  cells  is  capable  of  undergoing  some  slight  change  in 
form  white  alive.  In  the  protoplasm  are  situated  varieties  of 
granules,  the  commonest  being  bright,  refracting  fat  globules, 
which  vary  in  amount  with  the  different    stages  of  digestion ; 


SfdiMolihe  Ura  ofth*  Newt,  in  «hich  iht  biledacu  hive  b«n  injeclcd,  Met  an  be 

Others  of  a  yellow  color  seem  connected  with  the  coloring  matter 
of  the  bile;  and  a  third  variety,  less  refracting  and  colorless, 
is  said  to  be  related  to  the  glycogen. 

Between  the  cells  of  the  lobule:i  there  can  be  demonstrated 
very  fine  anastomosing  canals,  which  appear  to  be  formed  by  the 
juxtaposition  of  grooves  which  lie  in  the  middle  of  the  flat 
surface  of  two  neighboring  cells.  Every  liver  cell  is  related  to 
such  a  canal,  and  consequently  a  very  dense  network  with  pecu- 
liarly regular  polygonal  meshes  is  |>resent,  each  mesh  corre- 
sponding in  size  to  one  cell. 

These  fine  intercellular  canals  are  called  lo^iar  bile  capillaries. 
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and  must  not  be  confounded  with  lobular  blood  capillaries ^  the 
diameter  of  which  is  about  ten  times  as  great  as  the  former,  and 
which  have  a  definite  boundary  wall,  while  the  bile  capillaries 
have  no  other  boundary  than  the  substance  of  the  liver  cell,  and 
therefore  are  not  really  vessels. 

These  fine  intercellular  bile  passages  are  described  as  commu- 
nicating with  the  interlobular  ducts  directly,  opening  into  the 
ducts  without  any  marked  increase  in  the  size  or  change  of 
arrangement.  The  interlobular  ducts  which  follow  the  course  of 
the  artery  and  portal  vein  are  composed  of  a  delicate  basement 
membrane  lined  with  a  thin  layer  of  epithelium  which  in  the 
larger  vessels  shows  a  cylindrical  character.  The  large  bile 
ducts  have  a  firm  fibro-elastic  coat  lined  with  a  definite  mucous 
membrane  covered  with  cylindrical  epithelium  lying  upon  a 
vascular  submucosa,  in  which  are  scattered  numerous  mucous 
glands  of  saccular  form. 

The  amount  of  connective  tissue  in  the  liver  of  man  and  most 
domestic  animals  is  very  small,  but  in  the  pig,  bear,  giraffe,  and 
some  others,  it  is  easily  recognized  around  the  lobules,  sending 
delicate  supporting  processes  between  them.  This  connective 
tissue  passes  into  the  organ  with  the  portal  system  of  vessels  form- 
ing a  loose  sheath  derived  from  the  capsule  of  Glisson,  and  is 
distributed  with  the  subdivisions  of  those  vessels  to  the  various 
parts  of  the  gland. 

The  lymphatics  are  known  to  be  very  plentiful,  and  in  intimate 
relation  to  the  blood  vessels. 

Method  of  Obtaining  Bile. — For  most  practical  purposes 
the  bile  from  the  gall  bladder  of  recently  killed  animals  is  suf- 
ficient. The  bile  pigments  and  cholesterin  may  be  conveniently 
obtained  from  the  gall  stones  so  often  found  in  the  human  gall 
bladder. 

In  order  to  investigate  the  composition  of  the  bile  as  it  comes 
from  the  ducts,  before  it  has  been  modified  by  its  sojourn  in  the 
gall  bladder,  it  is  necessary  to  make  a  biliary  fistula,  commu- 
nicating either  with  the  gall  bladder  or  with  the  bile  duct.  In 
this  way  the  rate,  pressure,  and  other  points  concerning  the  mode 
of  secretion  may  be  determined. 
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Composition  of  Bile. — The  bile  of  man  and  carnivorous 
animals  is  of  a  deep  orange-red  color,  turning  to  greenish-brown 
by  decomposition  of  its  coloring  matter.  In  herbivorous  animals 
it  has  some  shade  of  green  when  quite  fresh,  but  turns  to  a  muddy 
brown  after  a  time.  It  is  transparent,  and  more  or  less  viscid 
according  to  the  length  of  time  it  has  remained  in  the  gall  blad- 
der. It  has  a  strong,  bitter  taste,  a  peculiar  aromatic  odor,  and 
after  remaining  for  some  time  in  the  gall  bladder  it  has  an  alka- 
line reaction.  Its  specific  gravity  is  about  1005  when  taken  from 
the  bile  ducts  directly,  but  it  may  rise  to  1030  after  prolonged 
stay  in  the  gall  bladder,  owing  to  the  addition  of  mucus  and  the 
absorption  of  some  of  its  fluid. 

The  following  table  gives  approximately  the  proportions  of  the 
chief  constituents  of  bile : — 

Water, 85.0  per  cent. 

Bile  salts, lo.o 

Coloring  matter  and  mucus, 3.0 

Fats, 1.0 

Cholesterin, 0.3 

Inorganic  salts, 0.7 


loo.o 


Bile  contains  no  structural  elements  nor  any  trace  of  albumi- 
nous bodies. 

I.  The  bile  acids  are  two  compound  acids,  glycocholic  and 
taurocholic,  which  exist  in  the  bile  in  combination  with  sodium. 
The  amount  of  each  varies  in  different  animals  and  at  different 
times  in  the  same  animal.  The  bile  of  the  dog  and  other  car- 
nivora  contains  only  taurocholate  of  soda.  In  the  ox  the  glyco- 
cholate  of  soda  is  greatly  in  excess.  In  man  both  are  present, 
the  proportion  being  variable,  but  the  glycocholate  greatly  pre- 
ponderates. 

To  separate  these  acids,  bile  is  evaporated  to.  one-fourth  its 
volume,  rubbed  to  a  paste  with  animal  charcoal  to  remove  the 
pigments,  and  carefully  dried  at  100°  C.  The  black  cake  is 
extracted  with  absolute  alcohol,  which  dissolves  the  bile  salts. 
From  the  strong  alcoholic  solution  after  partial  evaporation  the 
bile  salts  can  be  precipitated  by  ether.     They  first  appear  as  an 
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emulsion,  and  then  fonn  glistening  crystals  which  are  soluble  in 
'water  or  alcohol,  but  insoluble  in  ether. 

From  the  solution  of  the  two  salts  the  glycocholic  acid  may  be 
precipitated  by  neutral  lead  acetate,  as  lead  glycocholate,  from 
which  the  lead  may  be  removed  by  sulphuretted  hydrogen,  and 
the  acid  precipitated  from  its  alcoholic  solution  by  the  addition 
of  water.  The  taurocholic  acid  may  be  obtained  subsequently 
by  treating  with  basic  lead  acetate. 

Glycocholic  acid,  when  boiled  with  weak  acids,  alkalies,  or 
baryta  water,  takes  up  an  atom  of  water,  and  splits  into  cholic 
acid  and  glycin  (amido-acetic  acid).     (See  p.  74.) 

Taurocholic  acid,  under  similar  treatment,  splits  into  cholic 
acid  and  taurin  (amido-ethyl-sulphonic  acid.     (See  p.  73.) 

Cholic  acid  occurs  free  in  the  intestines,  the  bile  salts  being 
split  up  in  digestion,  and  taurocholic  and  glycocholic  acids 
decomposed. 

The  non-nitrogenous  cholic  acid  is  in  a  great  measure  elimi- 
nated with  the  faeces,  while  the  taurin  and  glycin  are  reabsorbed 
into  the  blood  with  some  of  the  other  constituents  of  the  bile, 
and  are  again  probably  utilized  in  the  economy. 

No  traces  of  these  bile  acids  can  be  detected  in  the  blood,  and 
there  is  no  accumulation  of  them  in  the  body  after  the  removal 
of  the  liver ;  hence,  it  has  been  concluded  that  they  are  manu- 
factured in  the  liver. 

2.  The  greater  proportion  of  the  mucus  contained  in  the  bile  is 
produced  in  the  gall  bladder,  and  there  added  to  the  bile.  Some 
mucus  comes  from  the  mucous  glands  in  the  bile  ducts,  but,  unless 
the  bile  has  remained  in  the  gall  bladder,  there  is  but  an  insig- 
nificant amount  of  mucus  present,  as  is  seen  when  a  fistula  is 
made  from  the  hepatic  duct.  The  mucus  passes  in  an  unchanged 
state  through  the  intestine,  and  is  evacuated  with  the  faeces. 

3.  The  bile  pigment  of  man  and  carnivora  is  chiefly  the  red- 
dish form  called  bilirubin.  It  is  insoluble  in  water  but  soluble 
in  chloroform.  It  can  be  obtained  in  rhombic  crystals,  and  is 
easily  converted  by  oxidation  into  a  green  pigment,  biliverdin, 
which  is  the  principal  coloring  matter  in  the  bile  of  many  ani- 
mals, and  is  not  soluble  in  chloroform,  but  readily  so  in  alcohol. 
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Bilirubin  is  supposed  to  be  identical  with  hsematoidin,  a  deeply 
colored  material  found  by  Virchow  in  old  extravasations  of 
blood  within  the  body,  and  hence  the  bile  pigment  is  said  to  be 
derived  from  the  coloring  matter  of  the  blood.  Probably  the 
haemoglobin  of  some  red  corpuscles  which  have  been  broken  up 
in  the  spleen  is  converted  into  bile  pigment  by  the  liver. 

Under  the  influence  of  decomposition  bilirubin  undergoes  a 
change,  taking  up  water  and  forming  hydro-bilirubin ;  this 
occurs  in  the  intestine,  and  the  bilirubin  is  thus  eliminated  as 
the  coloring  matter  of  the  faeces  (stercobilin),  which  is  probably 
identical  with  the  urobilin  of  the  urine. 

4.  Fatty  matterSy  the  principal  of  which  are  lecithin,  palmitin, 
stearin,  olein,  and  their  soda  soaps. 

5.  Ckolesterin  {Q^!^^^  is  an  alcohol,  and  crystallizes  in  clear 
rhombic  plates,  insoluble  in  water  but  held  in  solution  by  the 
presence  of  the  bile  salts.  It  can  be  obtained  from  gall  stones, 
the  pale  variety  of  which  are  almost  entirely  composed  of  it. 
The  cholesterin  leaves  the  intestines  with  the  faeces. 

6.  Among  the  inorganic  salts  are  sodium  and  potassium 
chloride,  calcium  phosphate,  some  magnesia,  and  a  considerable 
quantity  of  iron. 

Tests  for  Bile. — ^The  most  important  constituents  of  the  bile, 
viz. ,  the  bile  acids  and  pigment,  may  be  detected  by  appropriate 
tests,  which  are  in  common  practical  use : — 

I.  Pettenkofer's  test  for  the  bile  acids. — ^To  a  fluid  containing 
either  or  both  bile  acids,  or  any  solution  of  cholic  acidy  add 
some  cane  sugar,  and  then  slowly,  drop  by  drop,  strong  sul- 
phuric acid.  The  solution  turns  to  a  cherry-red  and  then 
changes  to  purple.  As  other  substances,  such  as  albuminous 
bodies,  give  under  this  treatment  a  similar  color,  in  order  to 
make  the  reaction  a  trustworthy  test  for  bile  salts,  the  two 
characteristic  absorption  bands  given  by  the  spectroscope 
should  also  be  observed. 

The  following  is  said  to  be  a  characteristic  method  :  Rinse 
out  a  porcelain  capsule  successively  with  the  fluid  to  be  tested 
with  weak  sulphuric  acid,  and  with  a  weak  solution  of  sugar, 
then  heat  to  70°  C,  when  the  capsule  turns  purple. 
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2.  Gmelin's  test  for  the  bile  pigments  depends  upon  the  fact  that 
during  the  stages  of  oxidation  the  bilirubin  undergoes  a  series 
of  changes  in  color  which  follow  the  sequence  of  the  familiar 
solar  spectrum.  Place  a  few  drops  of  the  fluid  to  be  tested  on 
a  white  surface  (capsule  or  plate),  and  allow  a  drop  of  nitric 
acid,  yellow  with  nitrous  acid  fumes,  which  make  it  more 
oxidizing,  to  run  into  it ;  as  they  mingle  together  the  rain- 
bow-like play  of  color  appears.  This,  when  watched,  will 
be  found  to  consist  of  a  series  of  changes  to  green,  blue, 
violet,  red  and  yellow. 

This  can  also  be  observed  by  allowing  the  acid  to  trickle 
gently  down  the  side  of  a  test  tube  fixed  in  an  inclined 
position  so  that  it  cannot  be  shaken :  the  play  of  color  can 
then  be  seen  starting  from  the  point  of  junction  of  the  two 
fluids. 

METHOD  OF  SECRETION  OF  BILE. 

The  secretion  of  the  liver  varies  less  in  the  amount  formed  at 
different  times  than  that  of  other  digestive  glands.  Although 
the  changes  in  the  rate  of  its  secretion  are  not  so  marked,  they 
follow  the  same  general  rule  as  those  of  other  glands  connected 
with  digestion,  /.  ^.,  after  food  is  taken  there  is  a  sudden  rise, 
then  a  gradual  fall,  followed  by  a  second  rise  in  the  rate  of 
secretion.  This  is  well  seen  in  the  case  of  the  pancreas.  Want 
of  food  is  said  to  check  the  secretion  of  bile,  but  only  does  so  in 
a  slight  degree,  for  the  more  important  work  of  the  liver  is  con- 
tinuous, as  is  the  activity  of  all  glands  whose  duty  it  is  to  elimi- 
nate noxious  substances  or  otherwise  influence  the  composition 
of  the  blood.  At  the  end  of  a  period  of  fasting,  the  gall  bladder 
is  always  found  greatly  distended,  because  the  secretion  has  con- 
tinued to  flow  into  that  receptacle,  and  there  has  been  no  call 
for  its  discharge  into  the  duodenum. 

The  amount  of  bile  produced  by  dogs  is  much  influenced  by 
their  diet.  It  is  very  great  when  meat  alone  is  consumed,  less 
with  vegetable,  and  very  small  with  a  diet  of  pure  fat.  As  a 
general  rule,  bile  is  more  abundantly  produced  in  herbivorous 
than  in  carnivorous  animals. 

The  rate  of  secretion  is  much  influenced  by  the  amount  of 
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blood  flowing  through  the  organ,  which  probably  explains  the 
increase  during  digestion.  Ligature  of  the  portal  vein  causes 
arrest  of  the  secretion,  and  death.  After  ligature  of  the  hepatic 
artery  the  secretion  continues,  but  soon  diminishes  from  mal- 
nutrition of  the  tissue  of  the  liver,  which  ultimately  causes  death 
if  the  entire  vessel  be  tied. 

These  variations  in  the  rate  of  secretion  may  depend  on  direct 
nervous  influence,  but  no  special  secretory  nerve  mechanism  has 
been  discovered  for  the  liver,  and  it  is  quite  possible  that  the 
changes  in  the  activity  of  the  gland  which  accompany  the  dif- 
ferent periods  of  digestion  may  be  accounted  for  by  changes  in 
the  intestinal  blood  supply,  which  give  rise  to  corresjx^nding 
differences  in  the  amount  of  blood  flowing  through  the  portal 
vein. 

The  force  with  which  the  bile  is  secreted  is  very  small.  That 
is  to  say,  the  pressure  in  the  ducts  never  exceeds  that  of  the 
blood  (as  is  the  case  in  the  salivary  glands) ;  but,  on  the  con- 
trary, when  a  pressure  of  about  i6  mm.  (.63  in.)  mercury  is 
attained,  the  evacuation  of  the  bile  ceases,  and  with  a  little  in- 
crease of  opposing  force  the  fluid  in  the  manometer  retreats  and 
finds  its  way  into  the  blood.  The  low  pressure  which  can  be 
reached  in  the  gall  ducts  does  not  imply  any  want  of  secretory 
power  on  the  part  of  the  liver  cells,  but  merely  that  there  exists 
a  great  facility  of  communication  between  the  duct  radicles  and 
the  blood  vessels,  probably  through  the  medium  of  the  lym- 
phatics. This  is  made  obvious  by  experiment,  by  which  it  can 
be  shown  that  with  a  comparatively  low  pressure  (200  mm.  = 
nearly  8  in.  of  water  for  a  guinea-pig)  fluid  can  be  forced  into 
the  circulation  from  the  bile  ducts. 

This  is  seen  also  in  stoppage  of  the  bile  ducts  in  the  human 
subject,  when  some  of  the  bile  constituents  continue  to  be  formed, 
and  pass  into  the  blood,  where  their  presence  is  demonstrated  by 
the  yellow  color  characteristic  of  jaundice.  The  ready  evacua- 
tion of  the  bile  is  a  matter  of  great  importance  for  health,  the 
least  check  to  its  free  exit  causing  the  secretion  to  be  forced 
into  the  circulating  blood  instead  of  into  the  gall  passages. 
Under  normal  circumstances,  the  large  receptacle  of  the  gall 
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bladder  being  always  ready  to  receive  the  bile,  ensures  its  easy 
exit  from  the  ducts,  but  the  forces  which  cause  its  flow  are  ex- 
tremely weak.  The  smooth  muscle  in  the  walls  of  the  duct  seem 
rather  for  the  purpose  of  regulating  than  aiding  the  flow. 

When  food  from  the  stomach  begins  to  flow  into  the  duodenum, 
the  muscular  coat  of  the  gall  bladder  contracts  and  sends  a  flow 
of  bile  into  the  intestine,  which  action  is  doubtless  brought  about 
by  a  reflex  nerve  impulse,  for  it  is  only  when  this  part  is  stimu- 
lated that  the  bile  flows  freely  from  the  bladder.  The  acid  gastric 
contents  seem  to  be  the  most  efficacious  stimulus. 

In  the  human  subject  the  quantity  of  bile  secreted  has  been 
found  to  be  about  600  c.c.  (21  oz.)  per  diem  in  cases  where  there 
were  biliary  fistulae.  This  would  equal  about  13  grms.  per  kilo 
of  the  body  weight. 

In  the  guinea-pig  and  rabbit,  it  has  been  estimated  to  be  about 
150  grms.  per  kilo  of  the  body  weight. 

FUNCTIONS  OF  THE  BILE. 

1.  Neutralizing  and  Precipitating  Acid  Peptones. — When  the 
acid  contents  of  the  stomach  are  poured  into  the  duodenum  and 
meet  with  a  gush  of  alkaline  bile,  a  copious  cheesy  precipitate 
is  formed  which  clings  to  the  wall  of  the  intestine.  This  precipi- 
tate consists  partly  of  acid  albumin  (parapeptone)  and  peptones 
thrown  down  by  the  strong  solution  of  bile  salts,  and  partly  of 
bile  acids,  the  salts  of  which  have  been  decomposed  by  the 
hydrochloric  acid  of  the  gastric  juice.  With  the  bile  acids  the 
pepsin  is  mechanically  carried  down.  Thus,  immediately  on 
their  entrance  into  the  duodenum  the  peptic  digestion  of  the 
gastric  contents  is  suddenly  stopped  not  only  by  the  precipita- 
tion of  the  soluble  peptones  and  the  shrinking  of  the  swollen 
parapeptone,  but  also  by  the  removal  of  the  pepsin  itself  from 
the  fluid,  and  the  neutralization  of  the  gastric  fluid  by  the 
alkaline  bile. 

By  thus  checking  the  action  of  the  gastric  ferment  the  bile 
prepares  the  chyme  for  the  action  of  the  pancreatic  juice. 

2.  As  a  Stimulant,  the  bile  is  of  considerable  use,  for  it  excites 
the  muscles  of  the  intestine  to  increased  action,  and  thereby  aids 
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in  absorption  and  promotes  the  forward  movement  of  food,  and 
more  particularly  of  those  insoluble  materials  which  have  to  be 
evacuated  per  anum.  This  stimulation  may  amount  to  mild 
purging. 

3.  Moistening  and  Lubricating.  — The  bile  adds  to  the  ingesta  an 
abundant  supply  of  fluid  and  mucus,  much  of  which  passes  along 
the  intestine  to  moisten  and  lubricate  the  faeces  and  facilitate 
tjieir  evacuation.  In  cases  of  jaundice,  or  when  the  bile  is 
removed  by  a  fistula,  the  faeces  are  hard  and  friable,  and  with 
difficulty  expelled,  owing  to  the  deficient  fluid  and  mucus,  as  well 
as  to  the  weaker  peristaltic  movements. 

4.  As  an  Aid  to  Absorption. — ^The  bile  having  some  soap  in 
solution  has  a  close  relationship  to  both  watery  and  oily  fluids, 
and  possibly  on  this  account,  as  well  as  owing  to  a  peculiar 
pwwer  possessed  by  the  bile  salts,  a  membrane  saturated  with  bile 
allows  an  emulsion  of  fat  to  pass  through  it  much  more  readily 
than  if  the  same  membrane  were  kept  moistened  with  water. 
This  can  be  seen  experimentally  with  filter  paper. 

5.  As  Excrement. — ^Although  much  of  the  bile  is  reabsorbed 
from  the  intestinal  tract  into  the  blood,  and  again  used  in  the 
economy,  some  of  its  constituents  pass  off  with  the  faeces,  and 
are  no  doubt  simply  excrement itious  matters  that  must  be  got  rid 
of.  Thus  all  the  cholesterin,  mucus,  and  coloring  matter  are 
normally  eliminated,  and  a  considerable  quantity  of  the  bile 
acids  are  split  up,  the  cholic  acid  being  found  in  the  faeces. 

6.  Emulsification  of  Fats. — The  bile  has  some  share  in  forming 
an  emulsion,  but  far  less  than  the  secretion  of  the  pancreas; 
however,  the  mixed  secretions  are  probably  more  efficacious  than 
either  separately,  from  the  presence  of  the  free  fatty  acids,  which 
form  soaps  and  aid  in  forming  the  emulsion. 

7.  As  an  Antiseptic y  bile  has  been  said  to  have  some  function  to 
perform.  Possibly  it  restricts  the  formation  of  certain  of  the 
bye  products,  such  as  the  indol  resulting  from  pancreatic  diges- 
tion ;  but  it  is  certainly  not  antiseptic ^  since  bacteria  abound  and 
thrive  in  it  and  in  the  duodenum. 
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CHAPTER  XI. 

FUNCTIONS  OF  THE   INTESTINAL  MUCOUS    MEMBRANE. 

Two  distinct  varieties  of  gland  are  found  in  the  small  intestine- 
Those  known  as  Briinner's  glands  are  localized  to  the  submucosa 
of  the  duodenum  ;  they  are  insignificant  in  number  when  com- 
pared with  the  sound  variety,  called  Lieberkilhn's  glands,  which 
are  distributed  over  the  entire  intestinal  tract  and  are  closely  set 
in  the  mucous  membrane. 

Fni.  j6.  Pic.  77. 


Brunner^ s  glands  form,  in  some  animals,  a  dense  layer  in  the 
submucous  tissue  of  the  beginning  of  the  duodenum ;  they  arc 
small,  branched  saccular  glands  resembling  mucous  glands  in 
structure.  Owing  to  their  small  size  the  secretion  cannot  be 
obtained  in  sufficient  quantity  to  make  satisfactory  experiioents 
in  res[)ect  to  its  properties.  It  is  said  to  dissolve  albumin  and  to 
have  a  diastatic  fermentative  action,  so  that  probably  the  secre- 
tion is  analogous  to  that  of  the  pancreas,  as  Brunner  originally 
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supposed.  The  qiiantitj-  of  fluid  secreted  by  these  glands  is  so 
small  that  its  existence  is  not  taken  into  account  in  speaking  of 
Ihe  intestinal  juice,  by  which  is  meant  the  fluid  poured  out  by 
the  innumerable  short  tubes  or  follicles  of  the  intestine. 

Thex  LieberkuAn' s  follicies  belong  to  a  very  simple  form  of 


ie  Hncom  McmbrJiiic  ot  imalL  inioiine.  ihowing  Liebeiluhn't  futliclc 


T  iftrsulu-  cpiThelium, 


idH/iw.) 


gland,  each  one  being  a  single  straight  cavity  in  t 
membtane  hardly  deep  enorigh  to  deserve  the  name  of  a  tube- 
In  the  small  intestine  they  are  set  as  closely  as  the  villi  [jermit. 
In  the  large  intestine,  where  the  villi  are  absent,  they  are  more 
closely  set  and  are  also  deei>er  (Fig,  78).     They  are  bounded  by 
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a  thin  basement  membrane 
which  is  embraced  by  a 
close  capillary  network  of 
blood  vessels,  and  are 
lined  by  a  single  layer  of 
cylindrical  or  spherical 
epithelial  cells. 

The  epithelial  covering 
of  the  processes  known  as 
villi,  which  are  studded  all 
over  the  mucous  mem- 
brane of  the  small  intes- 
tine, produce  some  mucus. 


I 


"& 


Method  of  Obtaining 
Intestinal  Secretion.— 

Considerable  difficulty  has 
been  found  in  obtaining 
the  proper  intestinal  juice 
free  from  admixture  with 
I  the  secretions  of  the  liver 
5  and  pancreas  which  are 
s  carried  along  and  miied 
;;  with  it.  A  short  portion 
I  of  the  small  intestine  has 
.s  been  successfully  isolated 
I  from  the  rest  without  in- 
■g  juring  the  mesentery  or  its 
.¥,  blood  vessels.  One  of  the 
*;  extremities  of  the  isolated 
3  portion  was  closed,  and 
J  the  other  was  retained  by 
^  sutures  at  an  opening  in 
=  the  abdominal  wall.  The 
g  cut  ends  of  the  remainder 
^  of  the  intestine  were  at 
the  same  time  united,  so  that  the  continuity  of  the  alimentary 
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tiact  was  preserved.  Thus,  a  limited  piece  of  gut  formed  a 
cul-de-sac  from  which  the  fluid  could  be  collected  through  a 
fistulous  opening. 

Characters  of  the  Secretion. — The  liquid  obtained  from 
such  a  fistula  is  thin,  opalescent  and  yellowish,  with  a  strong  alka- 
h'ne  reaction  and  a  specific  gravity  of  loii.  It  contains  some 
proteid  and  other  organic  material,  a  ferment  and  inorganic 
salts  in  which  sodium  carbonate  preponderates. 

Mode  of  Secretion. — ^The  secretion  flows  slowly  from  such 
a  fistula,  but  the  amount  increases  during  digestion,  showing 
that  the  secretion  of  the  intestine  is  under  the  control  of  some 
nenre  centre  which  can  call  the  entire  tract  into  action  when  one 
part  is  stimulated.  The  local  stimulation  of  the  mucous  mem- 
brane makes  it  red,  and  causes  it  to  pour  out  a  more  abundant 
secretion.  Beyond  this  little  is  known  of  the  nervous  mechanism 
or  the  local  cell  changes  which  accompany  the  formation  of  the 
secretion. 

Functions  of  the  Intestinal  Juice. — All  the  projDerties 
of  the  secretion  of  the  pancreas  have  been  accorded  to  the  intes- 
tinal juice.  It  is  said  to  have  a  ferment,  capable  of  being 
extracted  with  glycerine,  which  can  convert  cane  sugar  and  starch 
into  grape  sugar,  and  bring  about  lactic  fermentation.  It  dis- 
solves fibrin  very  slowly,  and  still  less  easily  other  proteids.  It 
is  also  said  to.  emulsify  fats. 

The  observations  as  to  its  digestive  properties  are  discordant, 
for  experiments  have  given  opposite  results  in  different  animals, 
and  in  the  hands  of  different  persons  even  in  the  same  animal. 
From  the  foregoing  account  of  the  intestinal  secretions  it  may 
be  seen  that  the  changes  which  the  various  kinds  of  food  undergo 
on  their  way  through  this  part  of  the  alimentary  tract  are  nume- 
rous; a  short  review  may  therefore  be  useful. 

When  the  acid  gastric  chyme  escapes  into  the  duodenum  a 

flow  of  bile  takes  place  from  the  gall  bladder,  and  at  the  same 

time  the  secretions  of  the  pancreas,  Brunner's  glands,  and  Lie- 

berkahn's  follicles  are  poured  copiously  into  the  intestine.     The 

16 
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bile  meeting  with  the  turbid  fluid  chyme  causes  it  to  change  to  a 
soft,  cheesy,  granular  mass,  the  appearance  of  which  depends 
chiefly  on  the  precipitation  of  the  peptones  and  shrinking  of  the 
parapeptone.  The  pepsin  is  rendered  powerless,  both  it  and  the 
bile  acids  being  carried  down  with  the  precipitate.  Gastric 
digestion  is  thus  arrested  and  the  onward  flow  of  the  fluid 
chyme  checked.  As  the  alkaline  pancreatic  and  intestinal  juices 
meet  this  semi-fluid  cheesy  mass  the  conversion  of  starch  into 
sugar  proceeds  rapidly,  even  the  raw  starch  granules  being 
changed.  The  small  oil  globules  come  in  contact  with  the  alka- 
line mixture  of  bile  and  pancreatic  juice.  The  pancreatic  fer- 
ment steapsin  splits  up  some  of  the  fat  separating  the  fatty  acid 
from  the  glycerine  radicle.  Some  of  the  soda  of  the  bile  salt  is 
substituted  for  the  latter,  and  uniting  with  the  fatty  acid  forms  a 
soap.  In  such  a  mixture  as  this — ^an  alkaline  fluid  with  proteid 
and  soap  in  solution — a  fine  emulsion  is  readily  formed,  as  can 
be  seen  by  adding  sodium  carbonate  to  some  rancid  oil.  The 
free  acid  (the  cause  of  rancidity  in  the  oil)  unites  with  some  soda 
to  form  a  soap  which  in  the  alkaline  mixture  enables  the  oil  to 
be  converted  into  an  emulsion  by  even  slight  agitation,  so  that 
the  pancreas,  by  setting  the  fatty  acid  free,  and  the  bile  possibly 
by  contributing  some  soda,  aid  one  another  in  giving  rise  to  a 
definite  but  small  amount  of  soap. 

The  precipitated  parapeptone  and  peptone  and  the  finely 
divided  proteid  are  presented  to  the  pancreatic  juice  in  a  form 
which  it  can  easily  attack,  and  thus  the  conversion  of  proteid 
into  peptones  in  the  small  intestine  goes  on  rapidly. 

How  far  the  peculiar  action  of  trypsin  on  proteids,  converting 
them  further  into  leucin  and  tyrosin,  goes  on  in  normal  digestion 
is  not  known,  but  it  is  probable  that  the  production  of  these 
bodies  is  increased  with  the  over-abundant  ingestion  of  proteid 
or  a  purely  meat  diet,  and  is  then  useful  as  a  means  of  prevent- 
ing the  injurious  efl*ects  of  too  great  proteid  absorption. 

The  gastric  chyme  is  therefore  completely  changed  in  the 
duodenum,  and  in  the  other  parts  of  the  small  intestines  we  find 
in  its  stead  a  thin  creamy  fluid  which  clings  to  the  mucous  mem- 
brane, coats  over  its  folds  (valvulae  conniventes)  and  surrounds 
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the  long  villi  of  the  jejunum,  etc.  This  intestinal  chyme  is  the 
form  in  which  the  food  is  presented  to  the  mucous  membrane  for 
absorption.  It  resembles  somewhat,  by  its  whiteness,  the  fluid 
called  chyle  which  flows  in  the  lacteals,  and  formerly  was  con- 
•sidered  to  be  identical  with  it.  This  creamy  lining  is  the  chief 
material  found  in  the  upper  part  of  the  small  intestine,  the 
coarser  parts  of  the  food  being  hurried  onward  by  peristaltic 
action  to  the  large  intestine. 

In  the  large  intestine  the  secretion  of  the  long,  closely-set  Lie- 
berk  iihn's  follicles  is  the  only  one  of  importance.  Its  reaction 
and  that  of  the  mucous  membrane  is  alkaline,  but  the  contents 
of  the  colon  are  acid,  owing  to  certain  fermentative  changes 
which  go  on  in  this  part  of  the  intestine. 

Of  the  changes  brought  about  in  the  large  intestine  by  the 
agency  of  the  digestive  juices  we  know  but  little.  Judging  from 
the  large  size  of  the  caecum  and  colon  in  herbivorous  animals,  we 
are  prompted  to  conclude  that  vegetable  substances,  possibly  cel- 
lulose, may  be  dissolved  here,  but  we  do  not  know  how  this  is 
accomplished. 

Although  devoid  of  villi,  the  large  intestine  can  certainly 
absorb  readily  such  materials  as  are  in  solution.  As  the  in- 
soluble materials  pass  along  the  small  intestines  the  supply  of 
fluid  is  kept  up  to  about  the  same  standard,  the  absorption  and 
secretion  being  nearly  equal ;  but  in  the  large  intestine  the  ab- 
sorption of  the  fluid  so  much  exceeds  the  secretion  that  the 
undigested  materials  are  gradually  deprived  of  their  fluid,  and 
are  converted  into  soft  solid  masses  which  pass  on  to  be  added 
to  the  faeces. 

Owing  to  its  absorbent  power  the  large  intestine  forms  a  ready 
channel  by  which  materials  can  be  introduced  into  the  system 
in  cases  in  which  the  stomach  is  too  irritable  to  retain  food. 

The  quantity  of  faeces  evacuated  in  the  day  depends  upon  the 
kind  of  diet,  being  greater  with  a  vegetable  than  meat  diet, 
averaging   about    150   grammes  a  day  (60-250   grms.).     This 
amount  may  be  greatly  increased  by  partaking  largely  of  indiges- 
tible forms  of  food.     The  more  rapid  the  passage  of  the  ingesta 
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through  the  intestine  the  greater  is  the  amount  of  fluid  remain-  . 

ing  with  the  faeces,  so  that  any  stimulant  to  the  intestinal  move-  ' 

ments  reduces  the  consistence  of  the  faeces  and  facilitates  the 
evacuation.  The  fetor  depends  in  a  great  measure  on  the  pre- 
sence of  indol,  which  is  an  outcome  of  ]3ancreatic  digestion,  and 
also  upon  the  presence  of  certain  volatile  fatty  acids.  The  color 
depends  upon  the  amount  of  the  bile  pigment  and  the  degree  of 
change  the  latter  has  undergone. 

The  faeces  are  composed  of  (i)  the  undigested  parts  of  the 
food,  and  (2)  the  useless  or  injurious  parts  of  the  secretions  of  1 
the  various  glands.  In  the  first  category  we  find  perfectly  in- 
digestible stuffs,  such  as  yellow  elastic  tissue,  horny  structure, 
portions  of  hairs  from  animal  food,  and  cellulose,  woody  fibre 
and  spiral  vessels  from  plants,  and  also  masses  of  digestible  sub- 
stances which  have  been  swallowed  in  too  large  pieces  to  be 
thoroughly  acted  on  by  the  secretions.  All  forms  of  food  may 
thus  appear  in  the  faeces,  but  vegetable  substances  are  most  con- 
spicuous. 

In  the  second  category  we  find  a  variable  quantity  of  mucus 
and  the  decomposed  coloring  matter  of  the  bile,  together  with 
some  cholic  acid,  cholesterin,  etc. 

A  few  inorganic  substances  are  found,  mainly  those  which  dif- 
fuse with  difficulty,  as  calcium  salts  and  ammonio-magnesium 
phosphate. 

Putrefactive  Fermentations  in  the  Intestine. — With 
the  air  and  saliva  which  are  swallowed  mixed  with  the  food,  large 
numbers  of  the  lower  organisms  existing  in  them  are  introduced 
into  the  alimentary  canal. 

The  effect  of  these  organisms  is  to  produce  certain  fermentative 
changes  quite  distinct  from  the  action  of  the  special  ferments  of 
the  digestive  fluids. 

This  is  proved  by  the  composition  of  the  gases  found  in  the 
intestine.  Atmospheric  air  only  is  introduced  from  without, 
and  this  is  not  found  in  any  part  of  the  alimentary  tract,  the 
oxygen  soon  being  absorbed  and  the  nitrogen  left,  while  a  quan- 
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tity  of  carbonic  anhydride  and  hydrogen  from  the  fermentation 
of  the  sug^r  are  set  free,  lactic  and  butyric  acids  being  produced 
at  the  same  time. 

Indol  and  skatol  are  also  formed  by  putrefactive  fermentation 
of  the  leucin  and  tyrosin. 

It  is  in  the  large  intestine  that  putrefactive  fermentations  have 
greatest  effect,  the  acid  reaction  being  caused  by  the  various  acids 
thus  produced. 

With   regard  to  the  interesting  question,  why  the  digestive 

juices  do  not  dissolve  the  tissues  of  the  organs  in  which  they  are 

contained,  we  cannot  speak  positively.     We  can  no  longer  say 

that  the  **  vital  principle  **  has  a  protective  influence,  for  we  know 

that    the   fact  of  a  tissue  being  alive  is  not  sufficient  to  ward  off 

the   digestive  action  of  the  alimentary  juices.     The  limb  of  a 

living  frog  is  digested  when  introduced  through  a  fistula  into  the 

stomach  of  a  dog ;  and  when  the  intestinal  juice  trickles  from  a 

fistula  the  neighboring  skin,  the  snout,  and  the  tongue  of  the 

animal  soon  become  eaten  away,  owing  to  its  licking  the  fluid, 

-which  rapidly  digests  these  parts  so  as  to  destroy  the  skin  and 

even  expose  the  blood  vessels. 

We  can,  however,  modify  John  Hunter's  statement  that  the 
resisting  power  was  associated  with  the  life  of  the  structures,  by 
saying  that  it  is  not  the  property  of  an  abstract  **  vital  principle," 
but  a  special  resisting  power  dependent  ujxjn  the  specific  charac- 
ter of  the  vital  processes  of  those  textures  which  manufacture  and 
are  habitually  exposed  to  the  influence  of  the  juices. 
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CHAPTER  XII. 
ABSORPTION. 

The  nutritive  materials  must  be  distributed  to  the  textures  and 
organs  in  order  that  the  food  stuffs,  when  altered  by  the  various 
processes  described  under  digestion,  may  be  of  any  use  to  the 
economy.  For  this  purpose  they  must  pass  through  the  lining 
membrane  of  the  alimentary  canal  and  gain  access  to  the  blood, 
which  is  the  common  mode  of  intercommunication  between  the 
various  parts  of  the  body. 

The  nutrient  part  of  the  food  has  then  to  be  absorbed  out  of 
the  alimentary  canal  by  the  surrounding  tissues,  and  mixed  with 
the  general  circulating  fluids,  lymph  and  blood. 

But  the  blood  is  separated  from  the  intestinal  contents  by 
barriers,  which,  as  far  at  least  as  the  blood  is  concerned,  are  im- 
passable, although  it  exerts  considerable  pressure,  and  thereby 
tends  to  escape  from  the  blood  vessels. 

The  question  then  arises,  How  does  the  elaborated  chyme 
make  its  way  through  this  barrier,  which  is  sufficient  to  prevent 
the  flow  of  blood  into  the  intestinal  tract? 

The  general  answer  is  easily  given,  viz.  :  the  blood  cannot 
pass  through  an  animal  membrane.  But  this  is  not  a  satisfactory 
solution  of  the  question,  for  under  certain  abnormal  circum- 
stances, the  blood  does  pass  through  the  wall  of  the  vessels,  and 
normally  the  plasma  escapes  from  the  capillaries  into  the  tissues, 
in  order  to  nourish  them.  We  must  further  remember,  in  con- 
sidering this  point,  that  the  wall  of  the  vessels  and  the  membrane 
lining  the  intestine  are  both  made  up  of  living  cells  which  are 
endowed  with  a  capability,  coincident  with  their  lives,  of  con- 
trolling any  passage  through  or  between  them.  Some  of  these 
cells,  which  we  might  call  secreting  agents,  do  allow,  or  rather 
cause,  a  passage  of  fluid  from  the  blood  to  the  intestinal  cavity, 
and,  as  we  shall  presently  see,  others  of  them  induce  a  passage  of 
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the  nutritious  materials  from  the  intestinal  canal  into  the  sur- 
rounding tissues. 

In  order  clearly  to  understand  the  method  by  which  absorp- 
tion is  accomplished,  it  is  necessary  to  have  some  idea'of  the 
absorbent  system  generally;  it  may  be  well,  therefore,  at  this 


ptm  ihowing  ihe  Couree  ot  Ihe  Main  Trunks  si  tht  Absorbtnl  Sysicm.  The  lym- 
aiia  dT  bwcr  unemilla  (D)  meet  Ihe  kcleals  of  intcttinei  (LAC)  al  ibe  recEpucu- 
m  chyll  (R.  C  ).  where  ihe  itlmacic  duel  begini.  The  superRcial  veiMll  are  shown 
Ihe  ifWru]  (TD  Ihe  riiht  arm  »nd  le  j  (S),  and  the  deeper  ones  on  the  aim  10  ttie  left  (p). 

I  iht  rithL  lide.   The  [hoiacic  duct  opeoi  iuia  Ihe  uniop  of  Ihe  great  veiiu  gf  the  ItSt  side 
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place  to  give  a  brief  account  of  the  construction  of  the  special 
apparatus  which  carries  on  this  function.  Although  the  absorb- 
ent vessels  form  one  continuous  system,  they  may  be  conveni- 
ently divided  into  two  departments,  namely,  interstitial  and  sur- 
face absorption.  A  certain  modification  of  the  latter,  called  the 
lacteal  system,  occurs  in  the  alimentary  canal,  and  is  described 
under  intestinal  absorption. 

I.  INTERSTITIAL  ABSORPTION. 

The  blood  flowing  through  the  body  in  the  delicate  capillary 

vessels  yields  to  the  various  tissues  a  kind  of  irrigation  stream  of 

plasma,  which  leaving  the  capillaries  permeates  every  tissue  and 

saturates  them  with  nutrient  fluid.     The  surplus  of  this  irrigation 

Fig.  8t. 


Tendon  of  Mouse's  Tail  treated  with  nitrate  of  silver,  showing  clefts  or  cell  spaces  aroond 
the  bundles  of  ^brils  as  white  patches.  These  interstices  may  be  called  the  smallest 
lymph  channels  or  spaces.    {ScAJS/ier.) 

Stream  is  collected  and  carried  back  to  the  blood  current  by  a 
special  set  of  fine  flattened  vessels  with  slender  walls,  called  the 
fympA  vascular  system,  which  acts  as  the  drainage  of  the  tissues, 
and  pours  its  contents  into  the  veins. 

When  the  nutrient  fluid  escapes  from  the  capillaries,  it  lies  in 
the  interstices  between  the  tissue  elements,  and  here  bathes  the 
cells  which  commonly  occupy  these  lymph  spaces.  (Figs,  81  and 
86.) 

Communicating  freely  with  the  interstices  of  the  tissues  are 
irregular  anastomosing  flattened  channels,  which  convey  the 
lymph  or  any  fluid  forced  between  the  tissues  into  vessels  with 
definite  boundaries.  These  vessels,  which  are  lined  with  charac- 
teristic  endothelium,   form  a  more   or  less  dense   network  of 
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lymphatic  capillaries,  from  which  spring  the  tributaries  of  the 
lymph  vessels.     (Figs.  82  and  83.) 

The  lymphatic  vessels  are  throughout  slender,  thin-walled 
channels  with  frequent  anastomoses  and  close-set  valves,  usually 
in  pairs.  They  lie  imbedded  in  the  connective  tissue,  and  when 
empty  are  difficult  to  see,  owing  to  the  extreme  thinness  of  their 
coats.     They  converge  toward  a  central  vessel  called  the  tho- 


racic duct,  which,  passing  from  the  abdominal  cavity  through  the 
thorax,  reaches  the  left  side  of  the  neck,  and  opens  into  the 
angle  of  junction  of  the  two  great  veins  from  the  head  and 
upper  extremity.  (Fig.  80.)  On  the  right  side  a  smaller  trunk, 
conveying  the  lymph  from  the  right  arm  and  that  side  of  the 
head,  chest  and  neck,  opens  into  the  corresponding  venous 
trunks. 
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The  thoracic  duct  is  much  larger  than  any  of  the  numerous 
tributaries  which  enter  it  at  close  intervals  from  all  directions. 

Its  lower  extremity  or  point  of  origin  is  an  irregular  dilatation 
called  the  receptaculum  chyli,  because  the  lymphatic  vessels  from 
the  stomach  and  intestines,  or  lacteals  as  they  are  called,  pour 
their  contents  into  it.  The  chyle  from  the  intestines  thus  flows 
into  the  same  main  channel  as  the  lymph  which  is  derived  from 

Fio.  gj. 


Diagiair  of  a  Lynphallc  Gland,  showing  (d  /)  aUcRnt  and  (e/)  dfinnt  lymphalk  tcbcIi; 
(c)  Cortical  lubitancc :  (h)  Mcduiliry  iiilniance:  (c)  Fibroui  coat  icndiiw  inbccula  (/  r) 
into  (he  lulrtLance  of  ifae  gland,  whcic  they  branch,  and  in  the  meduitary  part  fomi  a 
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the  drainage  of  the  tissues  and  organs  of  the  lower  extremity, 
the  tnmk  and  left  side  of  the  head,  neck  and  arm,  and  the  two 
fluids  are  mixed  in  the  receptaculum  chyli,  and  other  parts  of 
the  thoracic  duct. 

LYMPHATIC  GLANDS,  ETC. 

Along  the  course  of  the  lymphatic  vessels  numerous  small 

bodies  called  lymphatic  glantis  ox  follicles  are  found,  which  are 
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composed  of  a  delicate  trelliswork  of  adenoid  tissue,  packed  with 
nucleated  protoplasmic  cells,  called  lymph  corpuscles,  the  combi- 
nation making  what  is  known  as  lymphoid  tissue.  (Fig.  83  (J  hi) 
and  85  (^).)  These  masses  of  cells  and  their  delicate  supporting 
reticulum  are  enclosed  in  a  fibrous  case  or  capsule  from  which 
branching  trabeculae  pass  into  the  gland  and  separate  the  por- 

Fig.  84. 


Lymphatic  Network  from  between  the  Muscle  Coats  of   the  Intestinal  Wall,  with  fine 
vessels  and  many  valves,  causing  the  walls  to  bulge.     {Cadiat.) 

tions  of  lymphoid  tissue  from  one  another.  The  lymph  channels 
enter  and  pour  their  contents  through  the  convex  side  of  the 
capsule.  The  lymph  then  flows  through  irregular  paths,  which 
lie  between  the  lymph  follicles  next  to  the  capsule  and  trabeculae, 
and  lead  to  the  concavity  of  the  gland  from  which  the  efferent 
vessel  escapes. 


iuue  (4)  containing  capillaria  (^)  «nd  h  fibroin 
:sninUnery.    ^CaJinl.) 


of  a  Lymphalk  GUnd,  thowinE  vie 


tfmph  canaLkuimr  sysKm^  and  at  the  lame  lime  are  tbt  Kpic«  in  vhich  the  cor 
mckiredde.    (X/fi'ji.) 
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These  lymph  glands  occur  in  groups  in  the  flexures  of  the  limbs, 
the  recesses  of  the  neck,  and  the  thoracic  and  abdominal  cavities, 
a  large  number  being  placed  in  the  mesentery,  in  the  course  of 
the  intestinal  lacteals. 

In  the  submucous  tissue  of  the  intestine  this  lymphoid  tissue 
is  widely  diffused,  and  here  and  there  arranged  in  small  follicles, 
which  doubtless  have  a  function  similar  to  that  of  the  lymph 
glands  found  elsewhere. 


LYMPHATIC  VESSELS. 

There  are  various  modes  of  origin  of  the  lymphatic  vessels 
which  are  more  or  less  characteristic  of  the  different  parts  in 
which  they  occur. 

Fig.  87. 


Endothelium  from  serous  surface  without  stomata  (nitrate  of  silver.) 


In  the  connective  and  allied  tissues  there  are  variously-formed 
fissures  or  clefts,  which  can  be  filled  with  fluid  forced  into  the 
tissues  by  puncturing  the  skin  with  the  nozzle  of  a  fine  syringe, 
such  as  is  used  for  hypodermic  injection. 

These  fissures  contain  the  protoplasmic  units  of  the  tissue,  and 
transmit  the  ordinary  transudation  stream  for  nourishing  the 
tissues.  They  freely  communicate  with  one  another,  and  lead 
into  the  beginnings  of  the  network  of  lymphatic  capillaries. 

'Yhe  lymph  capillaries  run  midway  between  the  blood  capil- 
laries, and  are  made  up  of  a  single  layer  of  nucleated  endothe- 
lial cells,  which  can  be  brought  to  light  with  silver  staining. 


igS 
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In  some  tissues,  such  as  that  of  the  central  nervous  system,  liver 
and  bone,  the  lymph  vessels  commence  as  channels  encircling 
the  blood  vessels,  or  perivascular  lymph  spaces.  Here  the  lymph 
channels  form  a  kind  of  sheath  for  the  minute  blood  vessels,  and 
pass  along  to  the  connective  tissue  of  the  adventitia  of  the 
larger. 

The  lymph  vessels  may  also  be  said  to  commence  on  the  sur- 
face of  serous  membranes  which  are  intimately  connected  with 
the  lymphatic  system,  and  may  indeed  be  regarded  as  nothing 


Fig.  88. 


Endothelium  from  serous  surface  with  stomata  surrounded  with  granular 

protoplasmic  cells. 

more  than  inordinately  developed  lymph  spaces.  In  most  parts 
of  the  endothelial  surface  of  serous  cavities  are  a  number  of  so- 
called  s/omafa,  or  small  apertures  surrounded  by  a  few  cells, 
which  differ  from  the  ordinary  endothelial  cells  in  many  respects, 
and  probably  have  to  control  the  passage  of  the  fluid  from  the 
serous  cavity  into  the  lymph  vessels.  These  stomata  are  found 
to  be  placed  at  the  commencement  of  the  dense  network  of 
lymph  capillaries,  which  lies  in  the  subserous  tissue. 
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II.  INTESTINAL  ABSORPTION. 
The  intestinal  absorbents  form  a  speciaJ  department  of  the 
lymphatic  system  aiding  nutrition.     On 
account  of   the  white  chyle  seen   as  a  '°'^ 

milky  fluid  through  their  transparent 
walls,  they  have  been  called  lacfeals.  ' 
Their  functions  are  to  take  up  the  nutri- 
ent fluid  from  the  intestinal  cavity,  and 
to  drain  the  tissue  in  which  they  lie.  In 
order  to  fulfill  these  functions,  they  are 
arranged  in  a  particular  way,  especially 
adapted  to  the  peculiar  constmction  of 
the  mucous  membrane  lining  this  part  of 
the    alimentary    tract,    which    must    be 

briefly  described  before  the  mechanism  Diipam  of  nUiion  of  ihe 
of  absorption  can  be  understood.  ^'^i'"in  vimn.'''ThiJ^^ 

The  most  striking  characteristic  of  the  ^d'[l^'^''J;'^^''c,^d'^o't'if^ 
lining  membrane  of  the  small  intestine  is  ^^'\j^J^^p^^i,'f^°'* 
the  existence  of  villi,  which  are  only 

found  in  this  part  of  the  alimentary  canal.  They  consist,  of  nip- 
ple-shaped processes,  projecting  into  the  intestinal  cavity,  so 
closely  set  that  they  have  the  appearance  of  the  pile  of  velvet ; 
and  being  just  visible  to  the  naked  eye,  they  give  the  mucous 
membrane,  when  washed  and  held  under  water,  a  peculiar  vel- 
vety look.  By  means  of  these  villi,  and  also  of  the  ring-like 
folds  of  mucous  membrane  in  the  upfjer  part  of  the  small  intes- 
tine, the  extent  of  surface  over  which  the  chyme  has  to  travel  is 
greatly  increased. 

The  surface  of  the  villi  is  covered  over  with  a  simple  layer  of 
columnar  epithelial  cells  in  continuity  with  the  epithelium  lining 
the  rest  of  the  intestinal  tract.  The  free  surface  of  these  cells  is 
marked  by  a  clear  striated  margin  composed  of  a  row  of  minute 
fods  closely  packed  together,  while  the  deep-seated  end  of  the 
cells  is  branched,  and  appears  to  be  prolonged  into  the  substance 
of  the  villus  and  in  some  way  to  be  connected  with  the  support- 
ing retiform  tissue.  Some  of  the  cells  are  seen  to  swell  upon  the 
addition  of  certain  reagents,  owing  to  their  containing  mucus. 


which  gives  them  a  peculiar  goblet  shape ;  hence  they  arc  called 
goblet  cells.  These  occur  at  intervals,  and  some  obsen-ers  con- 
sider that  they  form  a  distinct  variety,  differing  from  the  neigh- 
boring cells  just  as  the  border  cells  of  the  stomach  glands  differ 
from  the  central  cells.  (Fig.  79,  p,  184.) 
The  body  of  the  villus  is  composed  of  a  very  delicate  kind  d 

F.G.90. 


Section  of  Inlotinc  oC  a  Dog  in  which  ihe  hisod  veuel!  (f)  and  the  lactei 
hy  ihc  c^piUii]i  iwlwork  ofibc  hl»d  veutli.    {Ouiial.) 

connective  tissue,  forming  a  slender  frame  in  which  a  little  cage- 
like network  of  blood  vessels  surroimds  a  central  lacteal  radicle. 
The  interstices  of  this  connective  tissue  are  filled  with  pale  pro- 
toplasmic cells,  like  those  formed  in  the  lymph.  Under  the  base- 
ment membrane  forming  the  foundation  of  the  epithelium  are 
some  unstriated  muscle  cells  which  embrace  the  villus  and  arc 
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^wtionof  SiiMlt  Lymph  follicle  of  Ihe  Smatl   Inusli 
'P'thtlhim  i7),  which  h»  falkn  from  th«  villi  (c) ;  I 
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able  to  squeeze  it  and  empty  the  vessels  that  lie  within  it.  The 
lacteal  radicles  which  lie  in  the  villi  are  sometimes  double,  and 
have  a  communication  with  the  lymph  spaces  of  the  connective 
tissue.  They  frequently  branch  as  they  pass  down  from  the  villi 
to  reach  the  dense  network  of  lacteal  vessels  which  lies  beneath 
the  mucous  membrane.     (Fig.  93.) 


At  irregular  intervals  throughout  the  submucous  tissue  are 
found  masses  of  lymphoid  tissue  similar  to  those  seen  in  packets 
within  a  lymph  gland  or  in  other  lymph  follicles.  These  are 
either  isolated  (solitary  glands)  or  collected  into  groups  (agmin- 
ated  glands  or  Peyer's  patches).  Though  called  glands  by 
anatomists,  it  should  be  borne  in  mind  that  they  are  in  no  way 
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connected  with  the  secretion  of  any  of  the  intestinal  juices,  but 
belong  to  the  absorbing  arrangements  of  the  intestine.  Around 
these  solitary  and  grouped  lymph  follicles  are  spaces  and  net- 
works from  which  the  lacteal  vessels  arise  (Fig.  93). 

MECHANISM  OF  ABSORPTION. 

Formerly  absorption  was  supposed  to  take  place  by  means  of 
the  blood  vessels  alone.  After  the  discovery  of  lymph  and  chyle 
vessels  by  Caspar  Aselli  the  belief  in  the  direct  absorption  by 
the  blood  vessels  was  abandoned,  and  all  the  work  of  absorption 
was  attributed  to  the  l)anphatics.  Now,  however,  ample  evidence 
exists  to  show  that  substances  capable  of  absorption  can  make 
their  way  into  the  blood  vessels  of  any  part  not  protected  by  an 
impermeable  covering  like  the  horny  layer  of  the  skin,  and  thus 
be  carried  directly  to  the  general  circulation.  The  share  taken 
by  the  blood  vessels  in  interstitial  absorption  in  the  tissues  is  not 
defined,  and  when  no  impediment  to  the  lymph  flow  exists  is 
probably  insignificant. 

In  the  absorption  from  the  alimentary  tract  the  blood  vessels 
appear  to  take  a  considerable  part. 

How  far  the  tissue  interspaces  and  the  local  lymph  channels, 
many  of  which  surround  the  blood  vessels,  aid  in  the  passage  of 
substances  into  the  blood  currents  is  not  known  ;  but  they  proba- 
bly have  some  such  effect,  for  the  experiments  showing  direct 
absorption  by  the  blood  vessels  leave  the  local  lymph  channels 
in  operation,  and  at  the  same  time  the  normal  flow  of  lymph 
toward  the  thoracic  duct  is  more  or  less  hindered. 

We  can  easily  imagine  that  a  surface  covered  by  a  single  layer 
of  epithelial  cells,  with  numerous  blood  vessels  and  a  good  supply 
of  absorbents  beneath  them,  is  capable  of  absorbing  materials  in 
solution ;  and  we  know  that  large  quantities  of  fluids  and  solu- 
tions of  various  materials  are  absorbed  from  the  stomach  and 
large  intestine,  partly,  no  doubt,  by  means  of  the  lacteals  or 
Ijrmphatics,  and  partly  by  the  minute  blood  vessels  themselves. 

The  small  intestine,  however,  seems  to  be  the  part  of  the  ali- 
mentary tract  which  is  especially  adapted  for  taking  up  the 
materials  elaborated  from  the  food. 
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In  the  upper  part  of  the  small  intestine  the  valvula  conni- 
ventes  are  most  marked,  and  the  villi  are  long  and  set  closely 
together.     It  is  here  we  find  the  thickest  layer  of  creamy  chyme 
covering  the  mucous  membrane,  but  seldom  any  masses  of  undi- 
gested food.     All  these  points  tend  to  show  that  the  upper  part 
of  the  small  intestine  is  the  part  specially  adapted  for  absorption. 
The  chyme  which  clings  to  the  mucous  membrane  contains  all 
the  substances  destined  to  pass  into  the  economy.     Into  this 
mixture  the  villi  dip,  so  that  each  villus  is  bathed  in  chyine. 
From  what  has  been  said  of  the  construction  of  the  villi,  it  is 
obvious  that  such  an  arrangement  is  well  adapted  to  the  absorp- 
tion of  the  nutrient  material,  which  is  in  the  closest  proximity  to 
the  lacteals  and  blood  vessels. 

The  various  food  stuffs  in  the  chyme  differ  in  the  degree  of 
readiness  with  which  they  are  absorbed.  Hence  the  facility  of 
absorption  of  its  principal  ingredients  must  be  examined  sepa- 
rately in  detail. 

Water  can  be  absorbed  from  the  intestinal  tract  in  almost  un- 
limited quantity,  but  not  solutions  of  salts.  The  amount  of  the 
solution  of  any  salt  capable  of  absorption  seems  to  depend  on  its 
endosmotic  equivalent.  The  lower  the  endosmotic  equivalent  the 
more  readily  the  solution  passes  into  the  blood  vessels.  In  those 
cases  where  the  equivalent  is  very  high,  such  as  magnesium  sul- 
phate, there  is  a  tendency  of  the  fluid  to  pass  out  from  the  blood 
vessels  into  the  intestinal  cavity;  this  has  been  supposed  to  explain 
the  watery  stools  caused  by  this  and  such  like  saline  purgatives. 

Among  the  carbohydrates  we  need  only  take  into  account  the 
sugars,  for  starch  unchanged  is  but  little,  if  at  all,  absorbed. 
Only  a  certain  quantity  of  sugar  can  be  taken  up  by  the  intes- 
tinal  absorbents,  since  some  is  found  in  the  faeces  when  the 
amount  taken  with  the  food  exceeds  a  certain  quantity.  Some 
of  the  sugar  in  the  intestine  undergoes  fermentation,  by  which  it 
is  converted  into  lactic  and  butyric  acid.  The  quantity  of  sugar 
absorbed  as  lactic  and  butyric  acid  has  not  been  determined, 
but  the  amount  found  in  the  portal  ve.ssels  or  lacteals  does  not 
appear  to  correspond  with  that  which  disappears  from  the  cavity 
of  the  intestine. 
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Ordinary  proteids,  being  colloids,  can  only  pass  with  difficulty 
through  an  animal  membrane,  hence  it  is  supposed  that  they 
must  be  changed  during  digestion  into  peptones  before  they  can 
be  absorbed.  Their  absorption  takes  place  readily  in  the  stomach, 
and  is  completed  in  the  small  intestine,  as  only  a  small  quantity 
of  albuminous  substances  is  found  in  the  large  intestine  even  after 
an  excessive  meat  diet.  The  more  concentrated  the  solutions  of 
peptones  the  more  rapidly  are  they  absorbed,  and  the  rate  of 
absorption  is  greatest  at  first,  and  then  by  degrees  diminishes. 
The  presence  of  free  alkali  is  said  to  facilitate  the  absorption  of 
peptones.  It  is  a  curious  fact  that  neither  in  the  lacteals  nor 
in  the  portal  blood  can  any  quantity  of  peptones  be  found,  even 
during  active  proteid  digestion ;  so  that  it  is  impossible  to  trace 
out  their  course  as  peptones,  or  to  say  by  which  set  of  absorbent 
channels  they  reach  the  blood.  If  we  assume  that  all  proteids 
must  be  absorbed  as  diffusible  peptones,  we  are  forced  to  conclude 
that  during  their  passage  from  the  intestinal  cavity  they  must  be 
reconverted  into  ordinary  proteids.  But  we  know  that  soluble 
forms  of  albumin  are  to  some  extent  diffusible  (when  a  solution 
of  salt  is  used)  through  a  dead  animal  membrane.  But  even 
were  they  quite  indiffusible,  this  fact  would  not  preclude  the 
possibility  of  their  passing  through  the  intestinal  wall,  which  is  a 
living  structure  not  restricted  by  such  physical  difficulties  as  are 
met  with  in  diffusion  through  an  inanimate  membrane.  When 
we  know  that  solid  particles  of  fat  can  enter  the  lacteals  (an 
event  which  we  cannot  explain  physically),  we  can  have  no  dif- 
ficulty in  believing  that  an  insoluble  solution  of  albumin  may 
also  be  admitted.  We  may  then  conclude  that  it  is  not  only 
possible,  but  even  probable,  that  a  good  deal  of  proteid  is  absorbed 
as  ordinary  soluble  albumin.  A  certain  limit  to  proteid  absorp- 
tion exists,  so  that  if  an  amount  of  albuminous  material  above 
the  maximum  that  can  be  absorbed  be  eaten,  the  albumins  are 
either  converted  into  leucin  and  tyrosin,  or  thrown  off  with  the 
faeces. 

In  the  absorption  of  water,  watery  solutions  of  salts,  sugars, 
and  peptones  by  the  lacteals,  there  are  no  great  physical  difficul- 
ties to  be  got  over ;  so  that  we  are  in  the  habit  of  speaking  con- 


2o6  MANUAL   OF   PHYSIOLOGY. 

fidently  about  the  mechanism  of  their  absorption,  although  in 
all  probability  many  circumstances  connected  with  the  life  of  the 
epithelial  cells,  etc.,  of  which  we  are  ignorant,  cooperate  in  bring- 
ing about  the  results  which  seem  to  us  so  simple  to  explain  in  our 
own  fashion. 

It  is  not  so  with  the  fatty  food  stuffs.  A  small  quantity  of 
these  may,  no  doubt,  be  split  up  into  soluble  glycerine  and  fatty 
acids,  which  are  at  once  changed  into  soluble  soaps,  and  in  this 
condition  are  capable  of  simple  osmotic  transmission  into  the 
blood  vessels  or  lacteals.  The  greater  portion  of  fat  enters  the 
lacteals  as  fat  in  the  condition  of  fine  emulsion,  /.  e.,  composed 
of  solid  particles.  This  process  is  difficult  to  reconcile  with  our 
physical  experiences ;  for,  however  finely  divided  it  may  be,  fat 
emulsified  does  not  pass  through  an  animal  membrane  more 
freely  than  ordinary  fluid  fat. 

The  fat  emulsion  is  chiefly  taken  up  by  the  villi  of  the  small 
intestines,  for  in  the  stomach  it  exists  only  in  large  fluid  masses 
or  globules,  and  the  amount  of  fat  found  in  the  large  intestine  is 
small,  unless  used  as  food  in  great  excess.  This  can  also  be  seen 
in  examining  the  absorbent  vessels  after  a  fatty  meal,  when  those 
which  carry  materials  from  the  stomach  and  large  intestine  are 
clear  and  transparent,  while  those  coming  from  the  small  intes- 
tines are  filled  with  the  white  milky  fluid  which  gives  them  their 
special  name  of  lacteals.  There  is  a  limit  to  the  absorbent  capa- 
city of  the  intestine  for  fatty  matters,  for  when  a  great  excess  of 
fat  is  eaten  it  appears  with  the  excrement,  sometimes  giving  rise 
to  adipose  diarrhcea,  thus  showing  that  the  amount  has  exceeded 
this  limit. 

The  important  question  remains,' How  does  the  fat  emulsion 
make  its  way  through  the  intestinal  mucous  membrane?  That 
it  really  does  so  there  can  be  no  shadow  of  doubt ;  for  it  disap- 
pears from  the  intestinal  cavity,  and  can  be  detected  in  the  chyle 
with  the  aid  of  the  microscope  more  easily  than  any  other  of  the 
intestinal  contents  absorbed. 

It  has  been  shown  that  while  a  membrane  moistened  with  water 
acts  as  a  complete  barrier  to  a  fat  emulsion,  and  only  after  pro- 
longed exposure  under  high  pressure  allows  traces  of  fat  to  pass, 
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.the  same  membrane  when  saturated  with  bile  will  without  pres- 
sure permit  the  passage  of  a  considerable  amount  of  oil.  It  has, 
therefore,  been  suggested  that  the  epithelial  cells  of  the  mucous 
membrane  are  more  or  less  moistened  with  bile,  and  the  particles 
of  fat  in  the  emulsion  are  also  coated,  as  it  were,  with  a  film  of 
bile  or  soap.  Thus  they  are  enabled  to  pass  into  the  epithelial 
cells,  in  which  they  can  be  detected  during  digestion.  The  bile 
or  soapy  coating  of  the  fat  particles  may,  no  doubt,  aid  in  their 
transit  through  the  various  obstacles  met  on  their  way  to  the 
lacteal  radicles,  but  the  course  taken  by  the  fat  particles  can 
hardly  be  explained  in  this  way.  Many  circumstances  force  us 
to  believe  that  the  activity  of  the  protoplasm  of  the  epithelial 
or  some  special  wandering  cells  forms  a  necessary  factor  in  the 
case. 

By  means  of  osmic  acid,  which  renders  the  fat  granules  black, 
they  may  be  demonstrated  to  occur  in  the  following  situations 
during  the  active  digestion  of  fat.  i .  In  many  of  the  epithelial 
cells  lining  the  villi,  etc.  2.  In  lymph  cells  lying  in  close  rela- 
tion to  the  epithelium  and  others  in  the  lymphoid  tissue  of  the 
villi.  3.  Between  the  epithelial  cells ;  possibly  held  here  by  pro- 
cesses from  the  amoeboid  lymph  cells.  The  fat  particles  are  then 
either  taken  up  by  the  epithelial  cells  from  the  cavity  of  the 
intestine,  and  handed  over  to  the  subjacent  lymph  cells,  or  seized 
by  the  protoplasmic  processes  of  the  lymph  cells  which  pass 
between  the  epithelial  cells  to  reach  the  surface. 

When  the  fat  is  once  lodged  in  the  protoplasm  of  the  cells, 
these  amoeboid  elements  convey  it  through  the  delicate  connec- 
tive tissue  of  the  villi  to*  the  lacteal  radicle.  Other  forces,  such 
as  the  contraction  of  the  villi,  may  aid  in  their  further  movement 
to  the  central  lacteal  space  of  the  villus. 

The  exact  utility  of  the  marginal  bands  of  rods  or  pores  which 
characterize  the  surface  of  the  intestinal  epithelium  is  not  known, 
though  it  has  been  supposed  to  be  connected  with  the  absorption 
of  fats. 

We  may  conclude,  then,  that  the  passage  through  the  intes- 
tinal wall  of  some  of  the  materials  taken  as  food  may  possibly  be 
accomplished  by  mere  physical  processes,  but  it  is  probable  that 
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the  vital  activity  of  the  epithelial  cells  controls  the  absorption  of 
all  food  stuffs.  The  passage  of  the  fat  can  only  be  explained  by 
the  aid  of  the  direct  activity  of  cells  which  by  amoeboid  move- 
ment take  up  the  fine  particles  and  pass  them  on  to  the  inter- 
stices of  the  connective  tissue  of  the  villi. 

LYMPH  AND  CHYLE. 

As  these  two  fluids  are  generally  mixed  in  the  thoracic  duct, 
whence  the  lymph  is  commonly  obtained  for  examination,  we  may 
discuss  them  together,  though  the  lymph  might  more  properly  be 
considered  with  the  distribution  of  the  nutrient  materials  to  the 
tissues. 

The  fluids  coming  from  the  tissue  drainage,  from  the  lym- 
phatic glands  and  from  the  lacteals  of  the  alimentary  tract,  when 
mingled  in  the  thoracic  duct,  form  an  opaque  mixture  which 
holds  a  considerable  quantity  of  proteid  in  solution,  and  contains 
a  number  of  morphological  elements,  viz.  :  (i),  protoplasmic 
cells  similar  to  those  found  in  the  lymph  follicles,  and  in  most 
essential  points  identical  with  the  pale  cells  found  in  the  blood ; 
(2),  some  red  blood  corpuscles  which  gave  the  fluid  in  the  tho- 
racic duct  a  pinkish  color ;  (3),  a  quantity  of  very  finely  divided 
fat,  which  varies  in  proportion  to  the  amount  of  fat  recently 
digested ;  (4),  other  minute  particles  of  unknown  function  and 
origin. 

When  removed  from  the  body  and  allowed  to  stand,  the  lymph 
becomes  converted  into  a  soft  jelly.  This  coagulation,  no  doubt, 
depends  upon  the  chemical  changes  in  the  lymph  which  give 
rise  to  fibrin,  the  formation  of  which  will  be  discussed  more  fully 
in  a  future  chapter.  The  amount  of  fibrin  formed  in  the  lymph 
is  very  small,  and,  therefore,  the  clot  is  very  soft,  and  shrinks 
considerably. 

The  lymph  of  the  thoracic  duct  contains  three  forms  of  pro- 
teid :  (i),  serum  albumin,  which  can  be  coagulated  by  heat ;  (2), 
alkali  albumin  precipitated  by  neutralization  ;  and  (3),  globulin. 
It  also  contains  soap  in  solution,  cholesterin,  grape  sugar,  urea, 
leucin,  and  some  salts,  particularly  sodium  chloride,  and  the  sul- 
phates and  phosphates  of  the  alkalies. 
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The  quantity  of  chyle  which  can  be  obtained  from  the  lacteals 
is  small,  and,  therefore,  its  thorough  investigation  is  difficult. 
The  fluid  from  the  lacteals  differs  from  the  mixed  lymph  in 
appearance  and  constitution  only  during  digestion,  and  then 
chiefly  in  containing  a  greater  amount  of  fat  and  solids  derived 
from  the  intestinal  cavity. 

On  their  way  to  enter  into  the  blood  current  both  the  lymph 
and  chyle  undergo  changes.  Before  passing  through  the  lym- 
phatic glands  the  fluid  contains  much  fewer  lymph  corpuscles 
than  after  it  has  travecsed  the  glands :  from  this  fact,  and  from 
the  structure  of  the  lymph  glands,  we  may  conclude  that  they 
are  the  chief  sources  of  these  white  cells.  The  chyle  of  the  lac- 
teal vessel  of  the  mesentery  contains  particles  of  fat  which  greatly 
exceed  in  size  those  found  in  the  thoracic  duct,  so  we  may  infer 
that  the  fat  emulsion  undergoes  a  further  subdivision  or  modifi- 
cation on  its  way  through  the  glands. 

Lymph  which  has  been  collected  from  the  lymph  channels  of 
the  extremities  is  an  almost  clear,  colorless  fluid,  rich  in  the 
waste  products  of  tissue  change,  but  containing  less  albumin 
than  that  coming  from  the  main  trunk,  and  no  fat.  After 
long  fasting  the  lymph  from  the  thoracic  duct  has  the  same 
characters. 

Lymph  contains  a  considerable  quantity  of  carbonic  acid  gas, 
about  50  vol.  per  cent.,  some  of  which  is  readily  removed  by  the 
air  pump,  and  is  therefore  said  to  be  absorbed  by  the  fluid, 
while  some  can  only  be  removed  by  the  addition  of  acids,  and 
therefore  is  considered  to  be  in  chemical  combination.  Only 
mere  traces  of  oxygen  have  been  found  in  the  lymph. 

The  quantity  of  chyle  and  lymph  poured  into  the  blood  varies 
so  much  that  any  estimation  of  the  amount  entering  in  a  given 
time  is  unreliable. 

llie  following  circumstances  upon  w;hich  the  variations  may 
depend  are  instnictive  : — 

I.  The  ingestion  of  liquid  and  solid  food  causes  a  great  in- 
crease in  the  amount  of  chyle.     This  is  obvious  from 
the  change  in  the  state  of  the  lacteal  vessels,  which,  from 
18 
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being  transparent  and  almost  empty,  become  widely 
distended  and  white. 

2.  The  activity  of  any  organ  causes  an  increase  of  lymph  to 

flow  from  it. 

3.  Impediment  to  the  return  of  the  venous  blood  from  any 

part  increases  the  irrigation,  and  hence  the  lymph. 

4.  Increase  of  the  amount  or  the  pressure  of  the  blood  flow- 

ing through  any  part  augments  the  lymph  flow. 

5.  The  administration  of  curare  increases  the  amount  of 

lymph. 

The  history  of  the  structural  elements  or  lymph  corpuscles 
which  exist  in  such  numbers  in  the  large  lymph  channels,  requires 
some  further  discussion,  as  these  cells  are  composed  of  active 
protoplasm  destined  for  some  important  function,  and  must  be 
produced  by  some  vital  process. 

The  origin  of  the  lymph  corpuscle  is  not  restricted  to  any  one 
part  of  the  body  or  to  any  special  organ.  It  has  been  already 
said  that  the  lymphatic  glands  are  the  most  important  source  of 
these  cells,  because  the  follicular  tissue  is  filled  with  them,  and 
the  lymph  contains  a  much  larger  number  after  it  has  passed 
through  some  lymph  glands.  In  the  lymphoid  tissue  of  the 
spleen  and  the  intestinal  mucous  membrane  they  are  very  nu- 
merous, and,  no  doubt,  many  have  their  origin  in  the  follicular 
tissue  of  that  organ  and  intestine.  They  are  said  also  to  be 
formed  in  the  red  marrow  of  the  bones.  Although  their  number 
is  relatively  small,  lymphatic  cells  occur  even  in  those  lymph 
channels  that  are  unconnected  with  a  lymphatic  gland,  and 
these  cells,  no  doubt,  come  from  the  blood,  which  contains  many 
cell  elements,  identical  with  the  lymph  cells  found  in  the  lym- 
phatic duct.  These  cells,  when  they  arrive  at  the  minute  blood 
vessels,  sometimes  leave  the  vessels  and  creep  by  amoeboid  move- 
ments into  the  interstices  of  the  tissue  with  the  irrigation  stream. 
They  may  permanently  abide  in  the  tissue,  or  be  washed  back 
into  the  larger  lymph  channels  with  the  surplus  stream  of  lymph. 
When  the  abnormal  increase  of  activity  in  a  tissue  known  as 
inflammation  occurs,  this  escape  of  the  white  cells  from  the 


MOVEMENT   OF   THE   LYMPH.  211 

blood  takes  place  with  great  rapidity,  and  the  stages  in  the  pro- 
cess can  be  watched  under  the  microscope. 

Still  another  source  of  the  lymph  cells  may  be  from  prolifer- 
ation of  the  cells  which  lie  in  the  tissues.  The  fixed  tissue  cells 
are  said  to  be  capable  of  producing  elements  identical  with 
lymph  cells,  which  by  division  possibly  multiply  and  produce 
their  like,  and  may  be  carried  along  by  the  lymph  stream  as 
lymph  cells. 

The  enormous  number  of  cells  which  accumulate  as  pus  when 
an  abscess  forms  are  structurally  identical  with  lymph  cells,  and 
probably  arise  from  these  combined  sources,  viz.,  escape  from  the 
blood  vessels  and  proliferation  of  the  tissue  cells. 

The  lymph  cells,  therefore,  whether  they  have  their  origin  in 
a  lymph  gland,  spleen,  or  connective  tissue,  perform  a  kind  of 
circuit,  going  with  the  lymph  into  the  blood,  and  are  distributed 
with  the  latter  to  the  tissues,  whence  they  may  be  once  more 
carried  into  the  lymph  stream. 

MOVEMENT  OF  THE  LYMPH. 

In  some  of  the  lower  animals  small  muscular  sacs  occur  in  the 
course  of  the  main  lymph  channels,  which  pump  the  lymph  into 
the  great  veins  by  contracting  rhythmically,  much  in  the  same 
way  as  the  heart. 

In  man  and  the  higher  animals  no  such-  lymph  hearts  have 
been  found  ;  the  onward  movement  of  the  fluid  depends  chiefly  on 
the  pressure  under  which  the  irrigation  stream  leaves  the  blood 
vessels.  The  fluid  in  the  blood  vessels,  as  we  shall  presently  see, 
is  under  considerable  pressure,  which  causes  the  plasma  to  leave 
the  capillaries.  Hence,  if  a  lymphatic  trunk  be  tied,  its  tribu- 
taries are  filled  with  lymph  until  a  considerable  pressure  (8-10 
mm.,  soda  solution)  is  developed  in  their  radicles. 

While  the  pressure  exerted  on  the  small  tributaries  of  the 
lymph  channel  may  become  considerable,  that  in  the  thoracic 
duct  is  invariably  very  low,  for  the  following  reasons :  The  blood 
in  the  large  veins  into  which  the  duct  opens  is  under  less  pres- 
sure than  in  any  other  part  of  the  vascular  system,  owing  to  the 
thoracic  suction,  or  negative  pressure  in  the  thorax,  caused  by 
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the  elastic  traction  of  the  lungs.  In  fact,  the  pressure  in  the 
large  veins,  e.  g,,  brachial,  etc.,  varies  from  o  to  —  4  mm.  Hg., 
and  that  in  the  vente  cavae  is  always  negative,  except  in  sudden 
or  forced  expiration,  and  varies,  according  to  the  period  of  the 
respiratory  rhythm,  from  — 5  mm,  Jn  inspiration,  to  —  z. nun.  in 
expiration. 

Fig.  94. 
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ITie  fact  that  the  lymph  at  the  origin  of  the  small  channels  is 
at  a  pressure  of  8  to  lo  mm.  of  water,  while  at  the  entrance  to 
the  vein  it  is  nil,  would  be  sufficient  to  explain  the  movement, 
even  if  there  were  no  other  force  aiding  it. 

It  must  be  remembered  that  every  lymph  vessel  is  furnished 
with  closely  set  valves,  which  prevent  the  fluid  it  contains  from 
being  forced  backward,  so  that  any  accidental  local  pressure  ex- 
ercised on  the  exterior  of  a  lymph  channel  helps  the  fluid  onward 
to  the  veins.  Along  their  entire  extent  these  vessels  are  subject 
to  certain  forces  which  must  materially  aid  the  flow  of  the  lymph 
stream.  The  first  of  these  is  the  pressure  exerted  on  the  small 
vessels  by  the  movement  of  the  muscles  in  the  neighborhood. 
The  second  is  the  unequal  distribution  of  atmospheric  pressure, 
which  has  full  force  on  the  peripheral  channels,  but  is  kept  off" 
the  thoracic  duct  and  its  termination,  as  already  mentioned,  by 
the  rigidity  of  the  thoracic  wall,  which,  together  with  the  ten- 
dency of  the  elastic  lungs  to  shrink,  causes  a  permanent  negative 
pressure  in  the  thoracic  cavity  through  which  the  duct  passes. 
And,  lastly,  the  thin-walled  lymphatics  are  everywhere  surrounded 
with  very  elastic  textures  enclosed  in  an  elastic  skin  which  exert 
an  amount  of  pressure  sufficient  to  empty  and  press  together  the 
walls  of  the  vessels  after  death,  and  therefore  during  life  must 
have  considerable  influence  upon  the  fluid  they  contain. 

The  movements  of  the  chyle  depend  on  the  same  forces,  with 
the  addition  of  the  power  used  in  the  contraction  of  the  villi, 
which  pump  the  chyle  from  the  lacteal  radicles  into  the  network 
of  valved  vessels  in  the  submucous  tissue. 

The  commencements  of  the  thoracic  duct  and  the  lacteals  are 
placed  in  the  abdominal  cavity,  and  therefore  are  constantly 
under  tKe  influence  of  the  positive  pressure  exerted  by  the  abdom- 
inal wall  on  the  contained  viscera.  The  rest  of  the  duct  is  in 
the  thorax,  where  the  pressure  is  habitually  negative.  Certain 
variations  coincident  with  inspiration  and  expiration  take  place 
in  both  these  cavities,  and  must  aid  the  onward  flow  of  fluid  in 
a  vessel  containing  valves  so  closely  set. 
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CHAPTER  XIII. 
THE  CONSTITUTION  OF  THE  BLOOD. 

In  all  animals,  except  those  which  form  the  lowest  class  (Pro- 
tozoa), the  distribution  of  the  nutritious  materials  to  the  various 
parts  of  the  body,  as  well  as  the  collection  of  the  effete  matters 
prior  to  their  expulsion,  is  carried  on  by  the  medium  of  a  fluid 
which  circulates  through  the  different  parts  of  the  body.  This 
fluid  is  the  blood. 

In  vertebrate  animals  the  blood  passes  through  a  closed  sjre- 
tem  of  elastic  pipes  and  is  kept  in  constant  motion  by  the  action 
of  a  muscular  pump.  It  is  first  forced  through  strong,  branching 
canals  called  arteries,  whose  walls  gradually  become  thinner  as 
the  branches  get  smaller,  and  end  in  a  network  of  delicate  chan- 
nels (capillaries),  through  which  it  slowly  trickles  into  the  wide, 
soft-walled  veins  by  means  of  which  it  flows  gently  back  again 
to  the  heart.  In  its  course  it  receives  the  nutritive  materials 
from  the  stomach  and  intestines  after  digestion,  the  specially 
elaborated  substances  from  the  liver,  spleen  and  lymph  glands, 
and  the  oxygen  absorbed  from  the  air  in  the  lungs.  In  short,  it 
contains  and  bears  to  their  destination  all  the  materials  required 
for  the  chemical  changes  of  the  economy.  While  passing  through 
the  capillary  networks  of  the  various  tissues,  it  takes  up  the 
waste  materials  resulting  from  the  tissue  changes  and  bears  them 
to  their  proper  point  of  exit  from  the  body;  at  the  same  time  the 
nutriment  oozes  through  the  delicate  vessel  walls  and  is  diffused 
in  the  tissues. 

GENERAL  CHARACTERISTICS  OF  THE  BLOOD. 

The  blood  of  vertebrate  animals  is  a  bright  scarlet  color  when 
exposed  to  the  oxygen  of  the  air,  but  when  not  in  contact  with 
oxygen  it  becomes  a  dark  purplish  red. 

The  blood  is  remarkably  opaque,  as  may  be  seen  by  placing  a 
thin  layer  on  a  piece  of  glass  over  the  page  of  a  book.    This 
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opacity  depends  on  the  fact  that  the  blood,  as  will  presently  be 
seen,  is  not  a  x^A  fluid,  but  owes  its  color  to  the  presence  of  solid 
red  particles  or  corpuscles  which  float  in  a  clear,  pale  fluid.  The 
blood  has  a  peculiar  smell  (halitus)  distinct  in  different  animals 
and  man,  dependent  on  certain  volatile  fatty  acids.  Its  specific 
gravity  varies  from  1045  ^^  ^^75,  the  average  being  1055.  The 
solid  parts  (corpuscles)  are  heavier  (sp.  gr.  1105)  than  the  liquor 
sanguinis  (1027). 

When  first  shed  the  blood  has  a  slippery  feel,  which  it  soon 
loses,  becoming  viscous  as  it  passes  into  the  first  stage  of  coagu- 
lation. 

AMOUNT  OF  BLOOD  IN  THE  BODY. 

The  total  amount  of  blood  has  been  estimated  to  be  from  -^ 
to  ^  of  the  body  weight  for  an  adult  man,  and  somewhat  less 
for  a  newborn  child. 

Much  difficulty  has  been  found  in  arriving  at  an  accurate  esti- 
mation of  the  amount  of  blood  in  the  body.  In  the  first  place, 
all  the  blood  cannot  be  made  to  flow  out  of  the  vessels  of  an 
animal  when  it  is  killed.  Secondly,  the  quantity  and  quality  of 
blood  are  constantly  varying  with  the  capacity  of  the  blood 
vessels.  Thirdly,  when  slowly  withdrawn  from  the  body  during 
life  it  is  rapidly  replaced  by  more  fluid  passing  into  the  blood 
vessels.  This  explains  the  enormous  quantity  of  blood  occasion- 
ally reported  to  be  shed  in  cases  of  bleeding  to  death.  In  these 
cases,  as  quickly  as  the  blood  is  lost,  fluid  is  absorbed  by  the  fine 
vessels  to  replace  it,  so  that  if  the  bleeding  be  gradual  the  stand- 
ard quantity  is  still  kept  up  in  the  vessels.  Thus  the  very  sudden 
loss  of  a  comparatively  small  quantity  of  blood  may  cause  death, 
whereas,  if  the  bleeding  go  on  sufficiently  slowly  and  gradually, 
as  much  or  even  more  in  quantity  than  normally  exists  in  the 
entire  body  may  escape  without  fatal  result.  Of  course  much  of 
this  is  fluid  which  has  recently  entered  the  vessels  to  replace  the 
blood  already  lost. 

Wtber^ s  Method. — The  percentage  of  solid  matters  in  the 
blood  is  first  carefully  estimated.  The  absolute  quantity  of 
solids  in  all  the  blood  drawn  is  then  ascertained  and  added  to 
the  solids  obtained  by  washing  out  the  blood  vessels.     Here  an 
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error  arises  from  the  fact  that,  in  washing  out  the  blood  vessels, 
much  solid  matter  besides  that  belonging  to  the  blood  is  taken 
from  the  tissues,  and  thus  an  excess  is  found. 

Valentine* s  Method. — A  small  measured  quantity  of  blood  is 
drawn  from  a  vein  and  its  percentage  of  solids  accurately  esti- 
mated ;  a  known  quantity  of  water  is  then  injected  into  the 
vessels.  When  some  time  has  been  allowed  for  proper  distribu- 
tion of  the  water,  a  sample  of  the  diluted  blood  is  taken  and  its 
solids  estimated.  The  difference  in  solid  contents  of  the  two 
samples  shows  the  degree  of  dilution  caused  by  a  known  quan- 
tity of  water  introduced  into  blood  of  ascertained  strength,  and 
thus  the  amount  of  the  diluted  fluid  (the  blood)  may  be  calculated 
and  added  to  the  amount  of  the  first  sample  to  make  the  absolute 
quantity. 

This  method  cannot  give  accurate  results,  because  in  the  time 
necessary  for  the  distribution  and  mixture  of  the  water  with  the 
circulating  blood  much  of  the  former  is  excreted  by  the  kidne}'s 
and  skin,  and  the  second  sample  of  blood  is  more  concentrated 
than  should  result  from  such  dilution. 

Welcker^ s  MetJwd  de[)ends  upon  the  estimation  of  the  coloring 
matter  of  the  blood.  He  connected  the  carotid  with  a  small  T 
piece,  and  allowed  the  animal  to  bleed  into  a  bottle  in  which  the 
blood  could  be  defibrinated  by  shaking  with  pieces  of  glass.  One 
cubic  centimetre  of  this  defibrinated  blood  was  carefully  measured 
off"  and  saturated  with  carbon  monoxide  (CO),  which  gives  a 
permanent  and  equally  bright  red  color.  It  was  diluted  to  500 
cc.  with  distilled  water  and  kept  as  a  standard  color  solution. 
The  blood  vessels  of  the  animal  were  then  washed  out  with  .6 
per  cent,  solution  of  sodium  chloride  until  the  solution  flowing 
from  the  jugular  vein  was  colorless.  The  tissues  of  the  animal 
were  chopped  up,  steei^ed  in  water  and  pressed.  The  washings 
of  the  vessels  and  the  infusion  from  the  tissues  were  added 
together  and  diluted  until  they  had  the  same  color  intensity  as  a 
layer  of  the  standard  solution  of  the  same  thickness.  Every  500 
cc.  of  these  diluted  washings  corresponds  to  i  cc.  of  blood. 

By  this  method  the  following  estimates  have  been  made  of  the 
relation  of  the  blood  to  the  body  weight : — 
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Mouse, jj   |>y 

Guinea  pig, i^-h 

Rabbit, ^2^ 

Jog. A-l'r 

Cat, ^T 

.  Bird, ^^^, 

Frog, .T^s-aV 

Only  approximate  estimates  of  the  distribution  of  blood  in  the 
body  during  life  can  be  made,  since  there  can  be  no  accurate 
method  of  investigation,  and  the  amount  varies  considerably, 
according  as  the  organ  or  part  is  in  a  state  of  rest  or  activity. 
It  is  supposed  that  a  quarter  of  the  entire  amount  is  habitually 
flowing  through  each  of  the  following  regions  : — 

1 .  The  heart,  great  vessels  and  lungs. 

2.  The  skeletal  muscles. 

3.  The  liver. 

4.  Skin  and  other  tissues. 

PHYSICAL  CONSTRUCTION  OF  THE  BLOOD. 

As  already  stated,  the  blood  is  not  really  a  red  fluid.  It  is 
seen  with  the  microscope  to  be  made  up  of  a  clear  fluid  called 


Fig.  95. 


Human  Blood  after  death  of  the  elements.  The  red  corpuscles  are  seen  in  different  posi< 
tions  showing  their  shape,  some  also  are  seen  in  rolls.  Only  one  white  cell  (\v)  is  seen, 
misshapen  and  entangled  in  fibrin  threads. 

plasma  or  liquor  sanguinis,  which  contains  an  immense  number 
of  little  disc-shaped  bodies — red  corpuscles — and  a  few  colorless 
protoplasmic  cells — white  corpuscles — so  that  the  living  blood 
may  be  physically  tabulated,  giving  approximately  an  estimation 
of  the  relative  amounts,  thus  : — 

r  Plasma  or  Liquor  Sanguinis, f 

^^'^  I  Solid  or  Corpuscle  {  \ll  ^^^  } \ 
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PLASMA. 

The  fluid  part  of  the  blood,  plasma  or  liquor  sanguinis,  is  of  a 
pale  straw  color,  when  pure  and  free  from  the  coloring  matter  of 
the  corpuscles,  and  of  slightly  less  density  (p.  215). 

Unless  special  precautions  have  been  taken,  the  plasma  is 
altered  w^hen  removed  from  the  blood  vessels  and  coagulation  of 
the  blood  takes  place,  so  that  plasma  does  not  come  under  ob- 
servation, except  when  suitable  methods  are  employed  to  separate 
it  from  the  corpuscles.     It  was  first  separated  from  the  corpuscles 

Fig.  96. 


*•. 


Reticulum  of  Fibrin  Threads  after  stainins  has  made  ihem  visible.    The  network  (h)  appean 

to  start  from  granular  centres  (a).    {Ranvier.) 

by  the  filtration  of  frog*s  blood  to  which  strong  syrup  had  been 
added  to  delay  coagulation  and  destroy  the  flexibility  of  the  cor- 
puscles, so  that  they  were  rapidly  caught  in  the  meshes  of  the 
filter  and  the  clear  plasma  passed  through. 

To  obtain  mammalian  plasma  free  from  corpuscles  it  is  neces- 
sary to  use  some  other  method,  as  the  small  elastic  corpuscles 
easily  run  through  the  meshes  of  the  thickest  filter  paper. 

The  blood  of  the  horse  is  chosen  because  it  coagulates  more 
slowly  than  that  of  most  mammals,  and  delay  in  the  coagula- 
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lion  or  postponement  of  the  change  in  the  plasma  is  the  chief 
object  to  be  obtained.  To  encourage  this  delay  the  blood  is 
drawn  from  a  vein  into  a  cylinder  surrounded  with  a  freezing  mix- 
ture. ITie  cold,  however,  must  not  be  so  intense  as  to  absolutely 
freeze  the  blood,  for  the  wished-for  subsidence  of  corpuscles  could 
not  go  on  if  the  blood  became  solid.  It  is  then  left  quite  motion- 
less for  twenty-four  hours,  after  which  time  it  will  be  found  that 
the  heavy  corpuscles  have  fallen  and  left  a  clear  suj^rnatant 
fluid,  which  is  plasma  containing  some  white  cells.  This  can  be 
removed  with  a  cool  pipette  and  passed  through  an  ice-cold  filter 
to  remove  the  cells,  then  tolerably  pure  plasma  is  obtained  which 
soon  coagulates  at  the  ordinary  temperature. 

Another  method  of  checking  coagulation  consists  in  letting  the 
blood  flow  into  a  25  per  cent,  solution  of  magnesium  sulphate 
(about  three  volumes  of  blood  to  one  of  the  solution).  This, 
if  left  in  a  cool  place,  will  not  coagulate,  and  the  corpuscles  will 
separate  by  subsidence  from  the  plasma  and  salt  solution,  which 
form  an  upper  layer  of  clear  fluid.  If  the  salt  be  removed  by 
dialysis  or  weakened  by  dilution  with  water,  coagulation  com- 
mences. 

The  coagulation  of  plasma  can  be  seen  with  the  microscope  to 
depend  upon  the  appearance  of  a  close  feltwork  of  exquisitely 
delicate,  finely  granular,  elastic  fibrils,  which  pervade  the  entire 
fluid  and  cause  it  to  set  into  a  soft  jelly.  The  substance  forming 
the  meshes  is  called  fibrin. 

Some  time  after  the  plasma  has  gelatinized,  the  threads  of  fibrin 
break  away  from  their  attachment  to  the  vessel  in  which  the 
coagulum  is  contained,  and  owing  to  their  elasticity  the  general 
mass  of  fibrin  contracts,  squeezing  out  of  its  meshes  clear  drops 
of  fluid  termed  serum. 

The  fibrin  clot  gradually  shrinks  to  small  size  and  floats  in  the 
abundant  fluid  serum. 

The  separation  of  the  serum  is  accelerated  by  agitation  of  the 
soft  clot ;  and  if  brisk  agitation,  such  as  whipping,  be  kept  up 
for  a  few  minutes  in  recently  drawn  blood,  the  plasma  does  not 
form  a  jelly,  but  the  fibrin  firmly  adheres  to  the  stirring  rods  and 
at  once  contracts  around  them. 
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CHEMICAL  COMPOSITION  OF  PLASMA. 

On  account  of  the  rapid  spontaneous  formation  of  fibrin  and 
serum  when  the  plasma  is  removed  from  the  body  and  allowed 
to  die,  the  exact  chemical  condition  of  the  liquor  sanguinis  dur- 
ing life  cannot  be  investigated,  the  separation  occurring  before 
the  simplest  chemical  method  can  be  carried  out. 

We  have  no  reason  to  suppose  that  fibrin  exists  normally  in 
the  blood,  but  it  would  appear  that  this  substance  is  only  formed 
at  the  moment  of  coagulation,  its  appearance  being  one  of  the 
most  obvious  of  many  changes  which  take  place  at  the  time  of 
the  death  of  blood  plasma. 

The  chemical  changes  comprehended  under  the  term  coagula- 
tion, occurring  when  plasma  is  deprived  of  its  means  of  vitality, 
and  ending  in  the  production  of  fibrin  and  serum,  are  naturally 
of  the  first  importance  in  studying  the  chemical  relationships  of 
living  plasma.  They  can  best  be  followed  out  in  the  coagulation 
of  plasma  when  separated  from  the  corpuscles,  for  (although  the 
stages  in  the  coagulation  of  blood  are  the  same,  the  appearance 
of  an  insoluble  albumin — fibrin — ^being  the  one  essential  in  either 
case),  the  corpuscles  complicate  the  process  and  modify  the 
appearance  of  the  clot. 

Not  only  is  the  fibrin  not  present  as  such  in  the  living  plasma, 
but  it  requires  for  its  production  the  presence  of  other  substances 
which  either  do  not  exist  in  the  living  plasma,  or  are  there  so 
chemically  associated  as  not  to  bring  about  the  change  which 
occurs  when  the  plasma  dies. 

The  reasons  for  believing  this  are  the  following:  Fluids 
which  sometimes  collect  by  a  slow  process  in  the  serous  cavities 
of  the  body,  e,g.y  hydrocele  fluid,  pleural  effusion,  etc.,  if  kept 
quite  clean  do  not  generally  undergo  spontaneous  coagulation.  If 
to  one  of  these  some  serum  or  recently  washed  blood  clot  be  added, 
coagulation  takes  place  just  as  in  plasma  (Buchanan).  That  is 
to  say,  we  have  here  two  fluids,  neither  of  which  coagulates  when 
left  to  itself,  but  which  do  if  mixed  together.  From  each  of 
these  fluids  a  substance  can  be  precipitated  by  passing  a  stream 
of  carbon  dioxide  (CO,)  through  the  fluids.  Both  precipitates 
readily  redissolve  in  weak  saline  solutions. 
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The  solution  prepared  from  the  hydrocele  fluid  causes  blood 
serum  to  coagulate ;  that  prepared  from  the  blood  serum  causes 
the  hydrocele  fluid  to  coagulate ;  and  when  mixed  together  the 
mixture  of  the  two  solutions  coagulates;  while  the  serum  and 
hydrocele  fluid  from  which  the  substances  have  been  removed 
no  longer  have  the  power  of  exciting  coagulation  in  each  other 
or  in  like  fluids.  Here,  then,  are  two  materials;  one,  obtained 
in  considerable  quantity  from  senim  after  coagulation,  is  called 
paraglobulin  (Schmidt)  or  serum  globulin  (Hamraarsten)  ;  the 
other,  occurring  in  serous  fluids,  is  named  fibrinogen.  Both 
these  substances  are  present  in  the  dying  plasma  of  the  blood 
prior  to  coagulation.  They  can  be  obtained  both  together  from 
the  plasma  if  the  plasma  be  treated  with  sodium  chloride  to  satu- 
ration after  either  of  the  precautions  already  njentioned — viz., 
the  application  of  cold,  or  the  addition  of  neutral  salt — has  been 
taken  to  prevent  the  formation  of  fibrin.  This  precipitates  a 
substance  which  readily  dissolves  if  water  be  added  to  weaken 
the  salt  solution,  and  after  some  time  the  solution  undergoes 
spontaneous  coagulation,  while  the  plasma  from  which  it  has 
been  made  has  lost  that  power.  This  plasmin  (Denis)  no  doubt 
is  made  up  of  diffierent  globulins,  chiefly  serum  globulin,  and 
fibrinogen,  and  contains  in  itself  all  the  necessary  **  factors*'  of 
fibrin  formation,  but  is  not  at  all  identical  with  fibrin,  since  it 
readily  dissolves  in  weak  saline  solutions,  like  the  class  of  proteids 
called  globulins,  while  fibrin  is  quite  insoluhie  in  such  solutions. 

In  plasma  removed  from  its  normal  relationships,  both  senim 
globulin  and  fibrinogen  exist ;  but  the  former  in  far  greater 
quantity  than  the  latter,  since  the  serum,  after  the  blood  clot  is 
formed,  contains  no  more  fibrinogen,  while  the  senim  globulin 
makes  up  nearly  half  the  remaining  solids. 

In  preparing  fibrinogen  and  serum  globulin  Schmidt  found 
that  the  more  carefully  he  operated,  the  weaker  and  more 
uncertain  their  action  as  fibrin  factors  became ;  and,  finally,  he 
made  solutions  which,  when  added  together,  did  not  produce 
coagulation^  but  which,  when  added  to  less  pure  solutions,  gave 
good,  firm  clots.  From  this  he  suspected  that  a  third  agent 
nfhich  acted  as  a  ferment  was  necessary  to  put  into  operation  the 
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fibrin-producing  properties  of  the  other  two  factors.  He  further 
succeeded  in  preparing  the  third  agent,  to  which  he  gave  the 
name  of  fibrin  ferment.  By  treating  serum  with  strong  alcohol 
the  proteids  are  precipitated ;  the  ferment  is  carried  down  with 
them,  and  extracted  with  water.  This  extract,  added  to  the 
mixture  of  the  pure  fibrin  factors,  which  previously  did  not  clot. 
caused  rapid  coagulation,  but  not  when  added  to  either  of  them 
singly. 

This  material  is  influenced  by  those  circumstances  which  affect 
the  activity  of  ferments  in  general :  it  has  a  minimum,  o®  C, 
optimum,  38°  C,  and  maximum,  80°  C,  temperature  of  activity, 
with  various  gradations  of  rapidity  of  action  between  each,  and 
is  destroyed  if  heated  above  80  C.  An  active  solution  having 
the  properties  of  the  ferment  can  be  extracted  from  whipped 
fibrin  preserved  in  alcohol  by  an  8  per  cent,  solution  of  common 
salt  (Gamgee). 

Hammarsten  thinks  that  the  serum  globulin  is  not  indispensa- 
ble to  the  formation  of  fibrin,  because  (i)  a  solution  of  fibrino- 
gen may  be  made  to  coagulate  without  its  presence;  (2)  the 
fibrinoplastic  property  of  serum  globulin  is  shared  by  casein  and 
calcic  chloride ;  (3)  and  is  absent  from  pure  serum  globulin,  (4) 
such  as  is  present  in  hydrocele  fluid  which  does  not  coagulate  on 
the  addition  of  fibrin  ferment. 

The  source  of  fibrin  is  still  a  question  of  much  difficulty,  and 
will  be  further  discussed  with  the  question  of  blood  coagulation 
within  and  without  the  vessels,  after  the  morphological  elements 
have  been  described. 

FIBRIN. 

Fibrin  may  be  procured  either  from  plasma  or  blood  by 
whipping,  and  then  washing  the  insoluble  product  with  water. 
When  fresh  it  has  a  pale  yellow  or  whitish  color,  a  filamentous 
structure,  and  is  singularly  elastic.  It  is  not  soluble  in  water, 
weak  saline  solution,  or  ether.  Alcohol  makes  it  shrink  by 
removing  its  water.  When  quite  dry  it  is  brittle  and  hard,  and 
can  be  reduced  to  a  powder.  It  swells  in  i  per  cent,  hydrochloric 
acid,  and  if  warmed  is  converted  into  acid  albumin  and  dissolved. 

The  amount  formed  varies  very  much  even  in  the  blood  drawn 
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from  the  same  animal  at  the  same  time,  but  is  always  very  small 
compared  with  the  size  of  the  blood  clot.  It  never  reaches  as 
much  as  i  per  cent.,  commonly  varying  from  o.i  per  cent,  to  0.3 
per  cent,  of  the  entire  mass  of  blood. 

SERUM. 

This  name  is  given  to  the  clear  fluid  which  oozes  out  of  the 
clot  of  plasma.  It  only  differs  from  the  latter  in  its  chemical 
composition  in  so  far  that  fibrin  is  separated  from  it.  Though 
chemically  this  is  a  slight  difference,  it  signifies  the  change  from 
a  complex  living  body  (blood  plasma)  into  a  solution  of  dead 
albumins,  etc. 

Serum  is  a  clear,  straw-colored,  alkaline  fluid  of  1028-1030  sp. 
gr.,  holding  in  solution  different  organic  substances  and  some 
inorganic  salts.  After  a  full  meal  the  serum  is  said  to  be  slightly 
milky,  from  the  presence  of  finely  divided  fat. 

It  contains  about  9  per  cent,  of  solid  matters,  of  which  a  large 
proportion,  7  per  cent.,  are  proteids.  Of  these  the  most  abundant 
is  (i)  senim  albumin  (about  4  per  cent,  in  man),  a  solution  of 
which  becomes  opaque  at  60°  C,  and  coagulates  at  a  heat  of  73° 
-75°  C.  The  proteid  next  in  importance  is  (2)  senim  globulin 
or  paraglobulin  (about  3  per  cent,  in  man),  which  has  already 
been  mentioned.  It  may  be  precipitated  imperfectly  by  CO2,  or 
completely  by  magnesium  sulphate.  (3)  Senim  casein  has  been 
obtained  from  serum  by  careful  neutralization  with  acetic  acid 
after  the  removal  of  the  serum  globulin  by  COj.  This  is  said  to 
be  serum  globulin  which  has  failed  to  come  down  with  the  CO2. 
(4)  Neutral  fats  in  a  state  of  fine  subdivision  are  present  in  a 
variable  quantity:  also  (5)  lecithin;  (6)  traces  of  sugar;  (7) 
various  products  of  tissue  change — kreatin,  urea,  etc.  ;  and  (8) 
inorganic  salts,  viz.,  sodium  chloride,  about  5  per  cent.,  and 
sodium  carbonate,  which  probably  existed  in  the  blood  as  sodium 
hydric  carbonate.  There  is  also  a  small  quantity  of  potassium 
chloride.  But  it  should  be  remembered  that  about  ten  times 
more  sodium  than  potassium  salts  exist  in  the  serum,  and  pro- 
bably in  the  blood  plasma. 
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CHAPTER  XIV. 

BLOOD  CORPUSCLES. 

The  relative  number  of  red  discs  to  the  colorless  cells  is  said 
to  be,  on  the  average,  350  to  i.    This  is  true  of  the  blood  drawn 

from  the  fine  vessels  by  punc- 
ture. While  in  the  vessels 
the  blood  must  contain  a 
greater  proportion  of  the 
colorless  cells,  for  by  the  or- 
dinary method  of  obtaining 
blood  for  examination,  they 

Human  Blood  after  death  ofthcelemente.    The     (Jq  nOt  floW  OUt  of   the   DUnC- 
red  corpuscles  are  seen  m  different  positions  * 

showing  their  shape,  some  also  in  rolls.  Only   tured  capillarics  as  readily  as 

one  white  cell  (w)  is    seen,  misshapen  and  '^  ^ 

entangled  in  fibrin  threads.  the    red    disCS,    and    many   of 

them  are  said  to  become  dis- 
integrated very  shortly  after  they  are  removed  from  the  circula- 
tion. Although  the  number  of  red  discs  normally  alters  but 
little,  on  account  of  the  constant  changes  occurring  in  the  num- 
ber of  the  white  cells,  the  proportion  of  white  to  red  varies  much. 
It  has  been  found  to  differ  according  to  the  observer,  the  situa- 
tion, and  other  circum.stances,  as  shown  in  the  following  table, 
which  gives  the  number  of  red  corpuscles  to  one  colorless  cell : — 

Observer's  estimate  of  normal  proportion : —  Red.  White. 

Welcker, 335-* 

Moleschott, 357-1 

In  various  paits  of  the  circulation : — 

Splenic  vein, 60-1 

Splenic  artery, 2260-1 

Hepatic  vein 170-1 

Portal  vein, 740-1 

According  to  age  or  sex : — 

Girls, 405-1 

Boys, 226-1 

Adult 334-' 

Old  age, 381-1 
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According  to  general  conditions : —  Red.  White. 

When  fasting, 716-1 

After  meal, 347-1 

During  pregnancy, 281-1 

In  a  disease  of  the  spleen  and  lymphatic  glands  called  Leuco- 
c}themia  there,  may  appear  to  be  nearly  as  many  white  cells  as 
red  discs.  Here,  however,  the  red  discs  are  deficient,  while  the 
colorless  cells  are  multiplied. 

THE  COLORLESS  CORPUSCLES. 

The  colorless  cells  of  the  blood,  commonly  called  the  white 
corpuscles,  differ  in  no  essential  respect  from  the  pale  round  cells 
which  are  found  in  most  of  the  tissues  of  the  bodyw  They  exist 
in  large  numbers  in  that  fluid,  namely,  the  lymph,  which  is 
drained  back  from  the  tissues  into  the  blood,  and  occupy  a  great 
part  of  the  lymphatic  glands  and  spleen.  They  are  often  spoken 
of  as  lymphoid  cells,  leucocytes,  indifferent,  or  formative  cells, 
on  account  of  their  being  so  widely  distributed  throughout  the 
tissues. 

When  fresh  blood  is  examined  with  the  microscope  these  cells 
can  generally  be  seen  adhering  to  the  glass  slide  or  cover  glass 
and  lying  singly,  apart  from  the  groups  of  red  discs.  They  can 
be  recognized  by  their  absence  of  marked  color,  finely  granular 
structure,  spherical  shape,  and  the  nuclei  which  may  often  be 
recognized  near  the  centre  of  the  cell.  Though  not  always  visible 
in  fresh  preparations,  the  nuclei  can  be  brought  to  light  by  the 
action  of  many  reagents — e.  g,j  acetic  acid.  If  examined  while 
being  moved  by  the  blood  current  to  the  capillary  vessels,  they 
are  seen  to  pass  slowly  along  in  contact  with  the  vessel  wall,  while 
the  red  corpuscles  rush  rapidly  past  them  down  the  centre  of  the 
channel  (Fig.  98).  This  may  partly  be  due  to  their  peculiar 
adhesiveness,  which  also  causes  them  to  stick  to  the  glass  slide, 
while  the  red  discs  are  washed  away  when  a  gentle  stream  of 
saline  solution  is  allowed  to  flow  under  the  cover  glass.  These 
cells  show  all  the  manifestations  of  activity  characteristic  of 
independent  living  beings.  If  kept  in  a  medium  suitable  to 
them,  and  at  the  temperature  of  the  body,  they  will  soon  be  seen 
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to  alter  their  appearance;  their  outline  becomes  faint,  they  are 

no  longer  spherical,  but  very  irregular  in  shape,  and  constantly 
change  theitform  bysend- 
^'°-  9^-  ing  out  and  retracting  pro- 

cesses, by  means  of  which 
they  change  thei  r  positi  on , 
so  that  they  may  be  said 
to  perform  locomotion, 
a  These  movements  are  ren- 
dered more  active  by  a 
slight  increase  of  tempera- 
ture, and  are  checked  by 

J  cold.    For  continued  ob- 

servation, about  38°  C.  is 
the  best  temperature  for 
mammalian  blood.  The 
blood  of  the  frog  is  gener- 

«  ally  used  to  see  the  motion 

of  the  white  corpuscles,  as 

warming  is  unnecessary  in 

v«mi»  of  the  Frog-t  w«b  ^^^  '^^^  °^  cold-blooded 

la)  Tnink  oi  •tin,  ami  (i  i)  Its  iributarici  pasting  animals.  They  respond  to 

acros.  lhec.pll1aryi.«»Mk,     The  dark  spoB  >«  ,  .     „ 

pigmcni  cEih.  many    other     mnuences, 

such  as  electricity,  etc., 
even  for  a  considerable  time  ailer  removal  from  the  body. 

No  doubt  they  continually  absorb  fluid  nutriment  from  the 
surrounding  medium,  as  is  shown  by  the  effect  of  poisons  on 
them ;  and,  by  the  repeated  contractions  and  relaxations  of  parLs 
of  their  substance  in  the  form  of  pseudopodia,  they  appear  to  take 
into  the  inner  parts  of  the  protoplasm  solid  particles,  which  after 
.some  time  are  ejected  after  the  manner  of  the  small  unicellular 
animals  known  as  amoebae  (p.  91). 

While  in  motion  in  the  circulation  none  of  these  amceboid 
movements  apjxiar  to  take  place,  but  when  an  arrest  of  the  flow 
of  blood  in  the  ca|iillaries  occur,  they  not  only  change  their 
form,  but  also  their  position  :  and  if  there  be  no  onward  flow  of 
blood  for  some  little  time,  they  creep  ont  of  the  capillaries,  pass- 
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ing  through  the  delicate  vessel  walls.  This  emigration  of  the 
blood  cells  is  possibly  a  common  event  when  a  tissue  is  in  need 
of  textural  repair.  When  excessive,  it  forms  one  of  the  most 
striking  items  of  the  series  of  events  occurring  in  inflammation. 

These  cells  differ  much  in  size ;  generally  they  are  somewhat 
larger  than  the  red  discs.  Nothing  like  a  cell  wall  can  be  seen 
to  surround  them,  and  from  the  movements  above  described  it 
would  appear  certain  that  they  are  free  masses  of  active  proto- 
plasm. 

The  number  of  white  cells  that  can  be  collected  is  too  small 
to  allow  of  accurate  chemical  analysis,  but  there  is  no  reason  to 
suppose  that  they  differ  from  other  forms  of  protoplasm. 

ORIGIN  OF  THE  COLORLESS  BLOOD  CELLS. 

Since  such  an  ordinary  circumstance  as  a  hearty  meal  can 
materially  influence  the  numbers  of  the  white  corpuscles,  it  would 
appear  that  they  must  be  usually  undergoing  rapid  variations  in 
their  number — probably  by  their  being  constantly  used  up  and 
periodically  replaced  by  new  ones.  The  places  in  which  they 
occur  in  greatest  number  ate  the  lymphatic  glands,  the  spleen, 
and  the  lymph  follicular  tissue  in  the  intestinal  tract. 

There  is  no  doubt  that  the  lymph  contains  a  much  larger  pro- 
portion of  these  cells  after  it  has  passed  through  the  lymph 
glands,  and  the  blood  coming  from  the  spleen  contains  an  exces- 
sive proportion  of  them. 

It  is  then  not  unreasonable  to  suppose  that  many  of  the  white 
cells  found  in  the  blood  have  their  origin  in  these  organs. 

They  may  also  be  developed  from  similar  cells  in  any  tissue, 
but  their  reproduction  by  division^  other  than  that  which  proba- 
bly occurs  in  the  lymph  follicles  where  it  cannot  be  seen,  is  a 
circumstance  of  the  greatest  rarity,  and  few  observers  have  been 
fortunate  enough  to  witness  the  phenomenon. 

The  destiny  of  the  white  blood  cells  is  probably  manifold, 
l^rom  the  readiness  with  which  they  escape  from  the  capillaries 
and  wander  by  their  amoeboid  movement  through  the  neighbor- 
ing tissues  to  reach  any  point  of  injury,  it  would  appear  that  they 
take  an  active  part  in  the  rei)air  of  a  tissue  whose  vitality  has  in 
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any  way  suffered.  During  the  growth  of  all  tissues  these  cells 
seem  to  contribute  active  agents  to  their  formation  ;  thus  in  the 
formation  of  bone  it  has  been  stated  that  escaped  blood  cells  or 
their  immediate  offspring  help  to  lay  down  the  calcareous  material, 
and  some  even  settle  themselves  as  permanent  inhabitants  of  the 
lacunae. 

Further,  they  are  in  all  probability  the  means  of  renewing  the 
red  discs.  Their  protoplasm  either  takes  up  the  coloring  matter 
from  its  surroundings,  or  forms  it  within  itself  from  suitable 
ingredients.  Certain  it  is  that  cells  are  found  which  are  recog- 
nizable as  white  blood  cells,  which  have  more  or  less  of  the  red 
coloring  matter  imbedded  in  their  substance.  As  this  increases, 
the  cell  gradually  loses  its  distinctive  characters  and  assumes 
those  of  a  red  corpuscle.  Such  elements,  it  will 'be  seen,  are 
common  in  the  spleen  and  the  blood  leading  from  it. 

THE  COLORED  CORPUSCLES. 

The  red  discs  were  discovered  in  the  human  blood  by  Leuwen- 
hoek,  about  1673.  They  give  the  red  color  which  characterizes 
the  blood  of  all  vertebrated  animals  (except  the  amphioxus),  but 
are  not  found  in  the  blood  of  the  invertebrata,  which  only  con- 
tains colorless  cells.  When  the  blood  of  the  invertebrates  has  a 
color  it  owes  it  to  the  fluid,  not  to  the  corpuscles.  The  indi- 
vidual discs  when  viewed  singly  under  the  microscope  appear  to 
be  pale  orange,  but  when  in  masses  the  red  becomes  apparent. 

The  shape  of  the  corpuscles  differs  in  different  classes  of 
animals.  In  man  and  all  other  mammalia  they  ate  discs,  con- 
cave on  each  side  and  rounded  off  at  the  margin.  The  only  class 
of  mammals  which  forms  an  exception  to  this  rule  is  the  camel- 
idae,  whose  red  corpuscles  are  elliptical  in  shape,  like  those  o( 
non-mammalian  vertebrates. 

The  corpuscles  of  birds,  amphibia  and  fish  are  flattened,  ellip- 
tical plates,  slightly  convex  on  each  side,  and  containing  a  dis- 
tinct oval  nucleus  in  their  centre. 

The  size  of  the  corpuscles  varies  greatly  in  different  classes  of 
animals,  but  is  strikingly  constant  in  the  same  class.  A  glance 
at  the  following  diagram,  in  which  the  corpuscles  are  drawn  to 
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scale,  will  give  an  idea  of  their  relative  sizes,  in  examples  of  the 
difTcreDt  classes  of  animals,  and  will  make  the  following  points 
more  rapidly  obvious  than  mere  description. 

The  size  of  the  animal  has  no  general  relation  to  the  size  of  the 
corpuscles.    The  human  red  discs  are  of  a  fair  average  size  when 
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compared  with  those  of  other  mammals,  and  therefore  man's 

Wood  cannot  be  distinguished  from  that  of  the  other  mammalia. 

The  mammalian  corpuscles  are,  on  the  whole,  small  when  com- 

P^  with  those  of  the  other  vertebrates.     The  batrachians  are 
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distinguished  by  the  great  size  of  the  corpuscles.  Those  of  the 
Amphiuma  tridactyhim  are  visible  to  the  naked  eye. 

The  following  measurements  are  given  by  Welcker  for  the 
human  discs : — 

Diameter,  .    .    .  .0077  of  a  millimetre  (7-7/^*)=  y ^77  of  an  inch. 
Thickness,     .    .  .0019  uf  a  millimetre  [i.gfi)  ^xzirff  of  an  inch. 
Volume,  .  .000000077  of  a  cubic  millimetre. 
Surface,  .    .     .oooi28of  a  square  millimetre. 

The  last  measurement  would  give  a  surface  of  about  2816  square 
metres  for  the  corpuscles  of  an  adult.  A  surface  of  11  square 
metres  is  exposed  every  second  in  the  lungs  for  the  absorption  of 
oxygen. 

When  circulating  in  the  vessels,  or  immediately  after  removal, 
the  red  corpuscles  are  very  soft  and  elastic,  being  bent  and 
altered  in  shape  by  the  slightest  pressure,  and  easily  stretched  to 
twice  their  diameter.  But  the  moment  pressure  or  traction  is 
removed,  they  return  to  their  normal  biconcave  disc  shape  if  the 
medium  in  which  they  lie  continue  of  the  normal  density. 

Changes  take  place  in  the  blood  shortly  after  it  is  removed 
from  the  body,  which  seem  to  be  associated  with  the  loss  of  func- 
tion (death)  of  the  red  discs,  as  shown  by  their  rapid  destruction 
if  reintroduced  into  the  circulation. 

The  changes  are  checked  by  cold  and  facilitated  by  heat,  a 
temperature  above  that  of  the  body  causing  them  to  take  place 
almost  immediately.  Associated  with  the  loss  of  function  of  the 
discs  is  observed  a  change  accompanied  by  an  apparent  increase 
of  adhesiveness,  which  causes  them  to  stick  together,  commonly 
adhering  by  their  flat  surfaces,  so  as  to  form  into  rolls,  like  so 
many  coins  placed  side  by  side.  That  this  adhesion  is  not  a 
mere  physical  process,  independent  of  the  chemix:al  properties 
of  the  corpuscles  themselves,  seems  proved  by  the  following 
facts:  (i)  It  does  not  occur  immediately  when  the  blood  is 
drawn,  and  disappears  after  a  few  hours  without  the  addition  of 
reagents;  (2)  while  the  blood  is  in  the  living  vessels  under  nor- 
mal conditions  there  is  no  adhesion,  but  this  soon  appears  when 


*  The  Greek  letter  fi  is  used  by  hi&tologists  to  denote  j^g  of  a  millimetre,  which  is 
taken  as  a  convenient  unit  of  measurement. 
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any  standstill  in  the  circulation  takes  place — as  in  inflammation  ; 
(3)  it  does  not  occur  when  saline  solutions  are  added  to  the 
blood.  It  seems  to  be  dependent  upon  a  peculiar  property  of 
the  discs,  which  only  exists  for  a  time  coincident  with  the 
changes  that  accompany  the  death  of  the  blood  and  the  apjiear- 
ance  of  (ibrin. 

The  shape  of  the  discs  changes  when  the  density  of  the  medium 
in  which  they  are  suspended  is  altered.  When  the  density  is 
reduced,  as  by  the  addition  of  water,  they  swell  and  become 
spherical,  and  break  up  the  rouleaux;  the  coloring  matter  at  the 
same  time  becoming  dissolved  In  the  medium.  (Fig.  loo.) 
When  the  density  is  increased  by  slight  evaporation,  or  the 
addition  of  salt  solution  about  i  per  cent.,  they  cease  to  be  con- 
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cave,  and  become  crenated  or  spiked  like  the  green  fruit  of  the 
horse-chestnut.  (Fig.  101.)  The  addition  of  strong  syrup  causes 
the  corpuscles  to  shrivel  and  assume  a  great  variety  of  peculiar 
bent  or  distorted  forms.  (Fig.  102.)  Elevation  of  temperature 
or  repeated  electric  shocks  causes  a  peculiar  change  in  shape, 
but  since  the  change  is  associated  with  the  death  of  the  element, 
it  cannot  be  attributed  to  vital  activity  comparable  with  that 
seen  in  the  white  cells. 

The  discs  show  no  signs  of  structure  under  the  microscope: 
they  are  perfectly  homogeneous,  transjarenl  bodies,  of  a  pale 
orange  color,  all  efforts  to  demonstrate  the  limiting  membranes 
formerly  supposed   to  surround    them   having    failed.      Their 
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behavior  when  certain  reagents  are  added  to  the  blood  shows 
that  the  corpuscles  have  two  constituents:  (i)  the  coloring  mat- 
ter, Oxyhemoglobin ;  and  (2)  the  Stroma.  The  coloring  matter 
may  be  removed  from  the  corpuscle,  as  above  stated,  by  water, 
and  leaves  a  perfectly  colorless  transparent  foundation  or  ground- 
work, which  appears  to  be  in  some  way  porous,  so  as  to  hold  the 
coloring  matter  in  its  interstices.  The  effect  on  the  naked-eye 
appearance  of  the  blood  produced  by  the  removal  of  the  color- 
ing matter  from  the  stroma  is  to  alter  the  color  and  increase  the 
transparency  of  the  fluid.  The  oxy haemoglobin  now  forms  a 
transparent,  dark-red,  lakey  solution,  and  the  corpuscles,  being 
quite  colorless,  are  practically  invisible.  This  transparency  of 
the  fluid  does  not  depend  on  any  change  in  the  oxyhaemoglobin, 
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Red  Corpuscles  shriveled  by  the 
addition  of  strong  syrup,  (w) 
White  Corpuscle. 


Fig.  103. 
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Blood  Corpuscle  after  the  addition 
of  tannic  acid.    (^  ^k .) 


but  merely  on  its  being  di.ssolved  out  of  the  discs,  which  become 
transparent  and  can  no  longer  reflect  the  light.  This  process, 
which  is  commonly  spoken  of  as  rendering  the  blood  *'  lakey,*' 
may  be  brought  about  by  the  following  means:  (i)  The  addi- 
tion of  about  }(  its  bulk  of  distilled  water,  to  wash  the  coloring 
matter  out  of  the  stroma,  which  may  then  be  rendered  visible  by 
a  weak  solution  of  iodine.  (2)  By  the  addition  of  chloroform, 
ether,  or  alkalies.  (3)  By  passing  repeated  strong  induction 
shocks  through  the  blood.  (4)  By  rapidly  freezing  and  thawing 
the  blood  several  times. 

All  these  processes  produce  the  same  effect ;  viz.,  the  red  mat- 
ter leaves  the  stroma  and  passes  into  solution  without  producing 
a  marked  change  in  either,  as  if  the  solution  depended  upon  the 
destruction  of  some  vital  relationship  between  the  stroma  and 
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the  oxyhasmogiobin  which  pfevented  the  diffusion  of  the  latter 
in  the  living  blood. 

Solutions  of  urea,  bile,  acids  and  heat  of  about  60°  C.  seem  to 
destroy  the  discs,  and  thus  remove  the  coloring  matter.  Car- 
bolic, boracicand  tannic  acidscause  the  coloring  matter  to  coag- 
ulate and  localize  itself  either  at  the  centre  or  margin  of  the 
corpuscle,     (Fig.  103.) 

The  number  of  discs  in  the  blood  of  man  is  enormous,  namely, 
in  a  cubic  millimetre  of  blood,  about  5  millions  for  males  and  4yi 
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millions  for  females,  or  about  250,000  millions  for  one  i)ound  ot 
blood.  The  number  varies  much,  not  only  in  di.sease,  but  also  as 
a  result  of  the  many  physiological  ptoces,ses,  such  as  changes  in 
the  amount  of  plasma,  brought  about  by  pressure  differences,  etc. 
In  order  to  count  the  corpuscles  the  following  method  is  em- 
ployed :  The  blood  is  diluted  with  artificial  plasma  to  100  or 
1000  times  its  volume,  and  the  corpuscles  in  a  portion  of  the 
mixture  carefully  measured  off  by  a  capillary  tube,  and  counted. 
This  operation  requires  great  care  and  delicate  apparatus.     One 
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of  the  best-known  methods  is  that  of  Malassez,  the  details  of 
which  are  as  follows: — 

Blood  is  drawn  into  the  capillary  tube  of  a  specially  prepared 
delicate  pii>ette  (Fig-  io4j  *)  "P  to  ^  mark  which  indicate.-*  -^^ 
part  of  the  capacity  of  the  pipette.  This  known  quantity  of 
blood  is  then  wa.shed  into  the  bulb  of  the  pipette  by  drawing  up 
artificial  senim  to  fill  the  bulb,  where  the  fluids  are  mixed  by 
shaking  about  a  glass  bead  contained  in  its  cavity.     Some  of  this 


mixture  is  then  allowed  to  pass  into  a  flattened  capillary  tube 
of  known  capacity  fixed  on  a  slide,  and  the  number  of  corpuscles 
in  a  given  length  of  this  tube  is  carefully  counted  at  two  or  three 
places.  The  important  question,  how  much  oxyhfemoglobin 
exists  in  a  given  sample  of  blood,  can  be  determined  by  diluting 
some  of  it  until  the  color  eijuais  that  of  a  standard  solution  ol 
known  strength. 
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CHEMISTRY  OF  THE  COLORING  MATTER  OF  THE  BLOOD. 

OXYHiCMOGLOBIN. 

Of  the  chemical  constituents  found  in  the  blood  corpuscles,  the 
coloring  matter  is  by  far  the  most  important.  To  it  alone  the 
blood  owes  one  of  its  most  important  functions — the  respiratory. 

Oxyhamoglobin  is  a  chemical  compound  of  great  complexity, 
of  which  the  percentage  composition  is  given  as — 

C&rbon, 53*^5 

Hydrogen, 7.32 

Nitrogen, 16.17 

Oxygen, 21.84 

Sulphur, 39 

Iron, 43 

Its  rational  formula  is  unknown,  but  the  following  has  been 
proposed  as  approximate,  CeooHs^NiMFeSjOiro.  It  may  be  re- 
garded as  a  form  of  globulin,  associated  with  a  colored  material 
containing  iron,  called  hjematin.  Its  chief  peculiarities  are 
(i)  that,  although  it  contains  a  colloid  substance,  it  crystallizes 
more  or  less  readily  in  all  vertebrates  when  removed  from  the 
stroma  of  the  corpuscles  ;  (2)  the  considerable  amount  of  iron  it 
contains  (0.4  per  cent.)  ;  (3)  the  remarkable  manner  in  which  it 
is  combined  with  oxygen  to  form  an  unstable  compound  ;  and 
(4)  the  ease  with  which  it  yields  its  oxygen  to  the  tissues  and 
takes  it  from  the  air. 

The  readiness  with  which  the  oxyhemoglobin  crystals  are  formed 
varies  much  in  different  animals  and  under  different  circum- 
stances, as  may  be  seen  from  the  following  list : — 

Most  readily — rat,  guinea  pig,  mouse. 
Readily — cat,  dog,  horse,  man,  aj^e,  rabbit. 
With  difficulty — ^sheep,  cow,  pig. 
Not  at  all — frog. 

The  presence  of  oxygen  causes  the  crystals  to  form  more 
rapidly,  so  that  a  stream  of  oxygen  passed  through  a  strong 
solution  of  haemoglobin  causes  small  crystals  of  oxyhaemoglobin 
to  form. 

The  crystals  always  belong  to  the  rhombic  system,  being  most 
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frequently  plates  (man,  etc.)  and  prisms  (cat),  and  rarely 
tetrahedra  (guinea  pig)  and  hexagonal  plates  (squirrel). 

Fig.  »o6.  The  color  of  the  crystals 

and  their  solution  varies  ac- 
cordvng  to  the  light  by  which 
they  are  looked  at.  By  re- 
flected light  they  are  bluish 
red  or  greenish  in  color,  and 
by  direct  light,  scarlet. 

The  preparation  of  oxy- 
hamoglobin    crystals    is  ac- 

Crysuls  of  Hemoglobin  from  diff^nt  animals,        COmplished    by   firSt  SCparat- 
showing  the  variety  in  form  of  crystals.  J^g  ^^  colori  ng  matter  from 

the  corpuscles  by  freezing,  or  the  addition  of  water  or  ether,  and 
then  rendering  it  less  soluble  by  evaporation,  cold,  and  the  addi- 
tion of  alcohol. 

For  microscopic  observation  it  generally  suffices  to  kill  a  rat 
with  ether,  and  expose  a  drop  of  the  blood  diluted  with  distilled 
water  on  a  slide  until  half  dried,  and  then  cover.  Crystals 
appear  in  the  fluid  as  it  becomes  concentrated. 

The' combinations  which  haemoglobin  enters  into  are  numerous 
and  throw  much  light  upon  the  function  of  the  corpuscles. 

As  already  stated,  the  coloring  matter,  when  exposed  to  the 
air,  combines  with  oxygen  to  form  a  loose  chemical  compound 
called  oxyhaemoglobin.  This  is  the  condition  in  which  the 
coloring  matter  of  the  blood  is  generally  found.  Although  so 
prone  to  combine  with  oxygen,  the  oxyhaemoglobin  very  readily 
parts  with  some  of  it.  In  the  circulation  it  is  always  united  with 
oxygen,  normally  leaving  the  lungs  in  a  state  of  saturation.  On 
its  way  through  the  capillaries  of  the  tissues,  some  of  it  parts 
with  a  little  of  its  oxygen,  becoming  partially  reduced  (haemo- 
globin), but  even  the  most  venous  blood  always  contains  some 
oxyhaemoglobin. 

The  oxygen  can  be  removed  by  reducing  the  pressure  under  an 
air  pump,  or  by  exposing  the  solution  to  a  mixture  of  nitrogen 
and  hydrogen.  Various  reducing  agents  rob  the  oxyhaemoglobin 
of  its  oxygen  \  and  if  blood  or  a  solution  of  oxyhaemoglobin  be 
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sealed  in  a  glass  tube  so  as  to  exclude  the  air,  the  loose  oxygen 
is  taken  up  by  some  of  the  other  constituents  of  the  blood,  and 
the  oxy haemoglobin  becomes  gradually  reduced  to  haemoglobin, 
after  which  it  undergoes  no  further  change  or  decomposition. 
The  reduction  in  the  sealed  tube  depends  on  the  putrefactive 
changes  in  the  proteids,  and  may  be  prevented  by  careful  aseptic 
precautions.  If  the  reduced  haemoglobin  be  shaken  for  a  few 
moments  with  air,  the  bright  color  characteristic  of  oxyhaemo- 
globin  soon  reappears,  and  if  the  reducing  agent  be  not  injurious 
to  the  blood,  the  reduction  and  reoxidation  may  be  repeated 
several  times,  the  haemoglobin  going  through  the  changes  which 
take  place  in  it  during  normal  respiration. 

The  union  of  oxygen  with  haemoglobin  solutions  is  not  mere 
absorption  of  the  oxygen  by  the  liquid,  but  a  definite  chemical 
combination.  This  is  proved  by  the  following  facts:  (i)  When 
the  pressure  is  removed,  the  oxygen  does  not  come  away  from  the 
solution  in  accordance  with  the  law  which  governs  the  escape  of 
absorbed  gas,  but  all  comes  off  suddenly  when  the  pressure  is 
lowered  to  about  ^  of  an  atmosphere  {vide  p.  244).  (2)  The 
two  substances  give  a  different  absorption  band  when*  examined 
with  the  spectroscope.  The  reduced  haemoglobin  gives  one  wide 
diffuse  band,  which  lies  between  the  D  and  E  lines  of  the  solar 
spectrum,  and  much  of  the  violet  end  is  cut  off.  The  single  band, 
which  is  characteristic  of  reduced  haemoglobin,  is  replaced  by  two 
when  the  haemoglobin  combines  with  oxygen — one  broad  band 
in  the  green  near  E,  and  a  narrow  one,  more  clearly  defined,  in 
the  yellow  close  to  D  line ;  both  bands  lie  between  D  and  E. 
With  strong  solutions  the  spectrum  is  darkened  at  either  extrem- 
ity, and  the  two  bands  become  wider  and  tend  to  fuse  into  one. 
(3)  Further,  the  oxygen  may  be  replaced  by  other  substances 
which  unite  with  the  haemoglobin.  One  of  the  most  important  of 
these  is  carbonic  oxide,  which  forms  a  much  more  stable  com- 
pound with  haemoglobin  than  oxygen.  It  is  of  a  bright  cherry- 
red  color  and  has  two  absorption  bands  in  the  spectrum  very  like 
those  of  oxyhaemoglobin  ;  that  in  the  yellow  is,  however,  removed 
a  greater  distance  from  the  D  line  toward  the  violet  end. 

It  is  this  compound  which  is  formed  in  poisoning  with  carbonic 
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oxide.  The  CO  occupying  the  place  of  the  oxygen,  destroys  the 
function  of  the  blood  corpuscles.  CO-haemoglobin  may  be  dis- 
tinguished from  0-haemoglobin  by  not  being  reduced  by  reagents 
greedy  of  oxygen,  and  by  the  bright  red  color  which  j^ersists 
when  10  per  cent,  solution  of  caustic  soda  is  added,  and  the  mix- 
ture heated.  O-haemoglobin  gives  a  muddy-brown  color  under 
the  same  treatment. 

METH/EMOGLOBIN. 

When  a  solution  of  oxyhaemoglobin  is  exposed  to  the  atmos- 
phere for  a  few  days  its  color  changes  to  a  dingy  brown,  and  it 
takes  up  more  oxygen  than  it  previously  contained.  The  new 
product  is  called  methamoglobin.  The  oxygen  is  more  firmly 
combined  than  in  the  oxyhaemoglobin,  so  that  it  cannot  be 
removed  by  passing  other  gases  (CO,  etc.)  through  the  liquid, 
or  by  exhaustion  with  an  air  pump.  Methaemoglobin  gives  an 
absorption  spectrum  which  differs  from  that  of  oxyhaemoglobin 
in  having  only  a  single  band,  and  from  that  of  reduced  haemo- 
globin in  that  the  single  band  is  placed  more  to  the  red  side  of 
the  spectrum,  /'.  e. ,  between  the  lines  C  and  D.  This  substance 
can  also  be  formed  by  the  addition  of  potassium  permanganate 
or  alkaline  nitrites  to  haemoglobin.  A  solution  of  methaemoglo- 
bin, though  unaltered  when  placed  in  vacuo,  may  be  reduced  to 
haemoglobin  by  ammonium  sulphide.  It  then  regains  its  red 
color,  shows  the  spectrum  of  reduced  haemoglobin,  and  when 
shaken  with  air  reforms  oxyhaemoglobin. 

DECOMPOSITION  OF  H^:M0GL0B1N. 

Haemoglobin  may  easily  be  broken  up  into  two  constituents — 
namely,  (a)  a  colorless  substance  which  is  nearly  related  to  the 
class  of  proteids  called  globulin,  and  {b)  a  blackish-red  amor- 
phous material  called  hcpmatin,  which  contains  all  the  iron  of  the 
haemoglobin. 

This  change  is  brought  about  by  whatever  causes  the  coagula- 
tion of  albumin,  such  as  the  addition  of  acids,  strong  alkalies, 
and  heat  above  70°  C. 
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H^MATIN.  Ei-c. 

Hsmattn  is  a  secondary  product,  being  the  result  of  oxida- 
tion of  a  substance  called  hamochromogen,  which  is  the  first  out- 
come of  the  decomposition  of  the  hemoglobin  by  acids  or  strong 
alkalies.  Hfemochromogen  or  reduced  hamatin,  as  it  may  be 
called,  can  be  obtained  from  hxmatJn  by  acting  on  that  body 
with  ammonium  sulphide,  but  it  can  only  be  preserved  in  an 
atmosphere  of  hydrogen  or  nitrogen,  as  it  immediately  takes  up 
oxygen  to  form  hsematin  on  exposure  to  the  air.  The  formula 
C„H;,N,Fe,Oi,  has  been  given  for  hasmatin.  It  dissolves  in 
weak  alkaline  and  acid  solutions,  but  not  in  water  or  in  alcohol. 

Haematin  is  readily  prepared  by  mixing  acetic  acid  with  a 
strong  solution  of  hemoglobin,  which  becomes  a  dark-brown 
color.  The  dark  haematin  can  be  removed  by  ether.  But  if  the 
acid  used  be  strong,  the  solution  of  haematin  is  found  to  be  free 
from  iron.  This  iron-free  hsematin  is  called  haemato porphyrin 
or  htematoin.  If  now  the  acid  haematin  solution  be  saturated 
with  ammonia,  the  iron  again  becomes  united  with  the  haema- 
toin,  forming  alkaK-hamaiin. 

H^MIN. 
Hiematin  unites  with  hydrochloric  acid  to  form  a  cryslalliz- 
able  body  called  hamin  or  hydrochlorate  of 
Fio.  loa.  haematin  (Teichmann's  crystals). 

If  blood  or  dry  hematin  be  mixed  with 
a  small  quantity  of  common  salt,  a  drop  of 
glacial  acetic  acid  added,  and  the  mixture 
boiled,  small  characteristic  crystals  appear, 
which  have  been  found  to  be  produced  by 
Hsmin  Crjr.uii.         the  union  of  two  molecules  of  hydrochloric 
acid  with  the  hasmatin. 
The  formation  of  these  crystals  is  very  easily  accomplished 
with  a  small  quantity  of  old  dried  blood;  therefore  this  sub- 
stance becomes,  in  medico-legal  inquiries,  an  important  test  for 
blood  stains. 

Crystals  of  a  substance  called'  hmmatoidin  are  formed  in  old 
blood  clots  retained  in  the  body.     It  does  not  contain  any  iron, 
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and  has  the  chemical  formula  C5,H3«N4  0,.  It  is  probably 
identical  with  bilirubin^  one  of  the  coloring  matters  found  in 
bile. 

GLOBIN. 

This  name  has  been  given  by  Preyer  to  the  proteid  part  of  the 
haemoglobin,  on  account  of  its  slightly  differing  from  globulin, 
though  it  resembles  it  in  being  precipitated  by  the  weakest  acids, 
even  carbon  dioxide,  and  it  leaves  no  ash  on  ignition. 

CHEMISTRY  OF  THE  STROMA. 

The  stroma  forms  only  about  lo  per  cent,  of  the  solid  parts 
of  the  corpuscles,  the  rest  being  haemoglobin.  The  proteid  basis 
of  the  stroma  is  probably  made  up  of  a  globulin,  also  con- 
taining lecithin,  cholesterin  and  fats  in  minute  proportions. 
There  is  little  more  than  one-half  per  cent,  of  inorganic  salts  in 
the  red  blood  corpuscles,  of  which  more  than  half  consists  of 
potassium  phosphate  and  chloride. 

DEVELOPMENT  OF  THE  RED  DISCS. 

In  the  early  days  of  the  embryo  the  blood  vessels  and  corpus- 
cles appear  to  be  formed  at  the  same  time  from  the  middle  layer 
of  the  blastoderm  (mesoblast).  They  first  consist  of  round, 
nucleated,  colorless  cells,  which  subsequently  become  colored, 
gradually  lose  their  nucleus,  and  assume  the  characteristic  shape 
of  the  red  corpuscles,  the  rest  of  the  original  mass  of  protoplasm 
remaining  as  a  rudimentary  blood  vessel. 

In  the  later  stages  of  embryonic  life  the  red  corpuscles  are  said 
to  be  formed  in  the  liver,  possibly  out  of  protoplasmic  elements 
which  are  made  in  the  spleen  and  thence  carried  to  the  liver  by 
the  portal  circulation. 

In  the  connective  tissue  of  rapidly  growing  animals — tadpole 
(KoUiker),  rabbit  (Ranvier),  rat  (Schafer) — certain  cells  can  be 
seen  connected  in  the  form  of  a  capillary  network,  and  within 
the  protoplasm  of  these  cells  red  coloring  matter  is  developed, 
'and  the  particles  of  color  can  soon  be  recognized  as  character- 
istic blood  corpuscles,  arranged  in  rows  within  the  newly-formed 
networks.  Thus  isolated,  small  networks  of  capillaries,  consist- 
21 
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ing  of  a  few  meshes  filled  with  blood  corpuscles,  are  fonned  inde 
pendently  of  the  general  circulation. 

These  corpuscles  and  their  haemoglobin  are  manufactured  by 
isolated  protoplasmic  elements  in  the  connective  tissue,  and  sub- 
sequently added  to  the  general  mass  of  blood  by  the  growth  of 
the  network  bringing  it  into  continuity  with  the  neighboring 
vessels. 

In  the  adult  the  formation  of  red  blood  corpuscles  is  much 
less  active,  but  never  ceases  to  take  place  in  health,  for  the  cor- 
puscles must  be  renewed  as  they  become  worn  out  and  incapable 
of  performing  their  function.  This  reproduction  can  go  on  with 
considerable  rapidity,  as  we  see  after  severe  hemorrhage,  when 
the  normal  richness  in  haemoglobin  and  corpuscles  is  soon 
regained.  Their  formation  is,  however,  probably  confined  to  a 
few  special  organs — spleen,  liver,  red  medulla  of  bones — where 
transitional  forms  are  found  in  such  numbers  as  to  point  to  the 
probability  of  the  red  corpuscles  being  the  offspring  of  the  color- 
less cells,  whose  protoplasm  either  manufactures  anew  or  collects 
the  necessary  haemoglobin,  and  then  loses  its  nucleus  and  ordi- 
nary cellular  characters. 

We  can  only  guess  at  the  fate  of  the  discs,  but  there  are  many 
things  which  point  to  the  spleen  as  the  organ  in  which  they  are 
destroyed.  In  the  spleen  an  enormous  number  of  protoplasmic 
elements  are  produced,  and  the  blood  comes  into  relationship 
with  the  nascent  cells  in  a  way  unknown  in  any  other  part  of 
the  body.  Further,  various  unusual  elements,  some  like  altered 
red  corpuscles,  others  like  white  cells  enveloping  haemoglobin, 
are  found  in  this  organ. 

The  blood  corpuscles  on  coming  to  the  spleen  are  possibly 
submitted  to  a  kind  of  preliminary  test  of  general  fitness,  some 
elements  of  the  spleen  pulp  having  the  faculty  of  examining 
their  condition  and  deciding  upon  their  fate.  Many,  no  doubt, 
pass  the  trial  without  any  change,  being  found  in  good  working 
order.  Others  that  are  found  totally  unfit  are  broken  up,  and 
their  effete  haemoglobin  carried  to  the  liver  to  be  eliminated  as 
bile  pigment.  Some  possibly  undergo  a  form  of  repair ;  a  white 
cell  taking  charge  of  a  weakly  disc  renews  its  stroma,  adds  to  its 
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hsemoglobin,  and  carries  it  through  the  final  proof  in  the  liver, 
where  it  is  chemically  refreshed  before  going  to  the  lungs  for 
the  load  of  oxygen  which  it  has  to  carry  to  the  systemic  capil- 
laries. 

THE  GASES  OF  THE  BLOOD. 

These  are  present  in  two  conditions:  (i)  dissolved  in  accord- 
ance with  well-established  physical  laws,*  and  (2)  chemically 
combined.  But  since  those  present  in  the  latter  state  are  but 
loosely  combined  they  may  be  separated  by  the  same  means  as 
the  former,  and  thus  the  oxygen,  carbon  dioxide,  and  nitrogen 
can  all  be  removed  by  reducing  the  pressure  with  the  air  pump. 
For  this  purpose  a  mercurial  pump  must  be  used,  by  means  of 
which  a  practically  perfect  vacuum  can  be  formed  and  all  the 
gases  obtained  in  a  manner  which  facilitates  further  analysis. 
Together  they  are  found  to  measure  about  60  volumes  for  every 
100  volumes  of  blood. 

Oxygen, — The  amount  of  oxygen  in  the  blood  is  found  to  vary 
much  with  circumstances.  In  arterial  blood  the  quantity  is 
much  more  constant,  and  always  exceeds  that  in  venous  blood. 
It  is  estimated  (at  0°  C.  and  760  mm.  pressure)  that  every  100 
volumes  of  arterial  blood  yield  20  volumes  of  oxygen,  while  the 
volume  of  oxygen  in  venous  blood  varies  from  8  to  1 2  per  cent. 

The  oxygen  which  comes  off  in  the  Torricellian  vacuum  exists 
in  the  blood  in  two  distinct  states :  (i)  a  very  small  quantity 
simply  absorbed, — about  as  much  as  water  absorbs  under  atmos- 
pheric pressure ;  (2)  chemically  combined,  in  which  state  nearly 

*  I.  At  the  same  temperature  the  volume  of  a  gas  varies  inversely  with  the 
pressure,  so  that  with  twice  the  pressure  a  given  volume  of  a  gas  is  twice  the 
weight, 

2.  A  given  liquid  absorbs  the  same  volume  of  a  given  gas,  to  which  it  is  ex- 
posed, independent  of  the  pressure  exercised  by  that  gas. 

3.  Therefore  the  amount  by  weight  of  gas  absorbed  by  a  liquid,  at  a  given 
temperature,  depends  directly  on  the  pressure,  being  nil  in  vacuo. 

4.  The  weight  of  a  given  volume  of  a  gas  decreases  and  the  coefficient  of 
absorption  of  a  liquid  diminishes,  as  the  temperature  increases. 

5.  Therefore  the  amount  of  gas  absorbed  is  in  inverse  proportion  to  the  tem- 
perature, being  practically  nil  at  boiling  point. 
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all  the  oxygen  exists,  and  forms  with  the  haemoglobin  the  loose 
combination  called  oxyhaemoglobin.  This  oxygen  therefore  does 
not  follow  the  laws  of  absorption  by  leaving  the  blood  in  pro- 
portion as  the  pressure  is  reduced,  but  when  a  certain  point  of 
reduction  of  pressure  (20-30  mm.  mercury,  according  to  the 
temperature)  is  reached,  the  oxygen  comes  off  almost  completely. 

Carbon  Dioxide  (CO2). — The  amount  of  carbon  dioxide  also 
varies  more  in  venous  than  in  arterial  blood,  for  under  certain 
circumstances  (suffocation)  it  may  rise  to  over  60  volumes  per 
cent.,  although  ordinary  venous  blood  on  an  average  contains 
only  46  volumes  in  every  100  of  blood.  On  the  other  hand,  the 
amount  of  this  gas  in  arterial  blood  varies  little  from  39  volumes 
per  cent. 

Nearly  all  the  carbon  dioxide  exists  in  the  plasma,  where  some 
of  it  appears  to  be  chemically  combined  with  soda  salts. 

Nitrogen, — The  amount  of  nitrogen  does  not  vary  much,  being 
in  both  venous  and  arterial  blood  about  1.5  volume  per  cent., 
and  it  would  appear  to  be  simply  absorbed. 

For  further  details  about  the  gases  of  arterial  and  venous  blood, 
see  Respiration. 
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CHAPTER  XV. 
COAGULATION  OF  THE  BLOOD. 

In  speaking  of  the  chemical  relationship  of  the  plasma  (see  p. 
222),  the  formation  of  fibrin  has  been  mentioned  as  the  essential 
item  in  coagulation,  and  the  relation  of  fibrin  to  its  probable 
precursors  has  been  discussed.  If  the  points  there  explained  be 
borne  in  mind,  and  the  presence  of  the  corpuscles  be  taken  into 
account,  the  various  characteristics  of  the  clot  which  forms  when 
blood  is  shed  into  a  vessel  can  be  easily  understood,  and  should 
require  no  further  description. 

The  great  importance  of  the  coagulation  of  the  blood  in 
arresting  bleeding,  and  in  certain  pathological  processes,  makes 
it  expedient,  however,  to  consider  more  closely  the  steps  of  the 
process  and  to  inquire  into  the  various  circumstances  which 
facilitate  its  occurrence  after  the  blood  is  shed,  as  well  as  in  the 
living  vessels. 

COAGULATION  OF  SHED  BLOOD. 

Before  the  formation  of  a  perfect  clot,  blood  may  be  seen  to 
pass  through  three  stages:  i,  viscous;  2,  gelatinous;  3,  contrac- 
tion of  clot  and  separation  of  serum. 

The  first  stage  is  commonly  very  short,  and  in  thin  layers  of 
blood  passes  immediately  into  the  second.    In  cold  weather  con- . 
siderable  quantities  of  blood,  if  contained  in  deep  vessels,  take 
a  much  longer  time  to  stiffen,  so  that  the  first  stage  may  occupy 
from  one  minute  to  some  hours. 

The  second  stage,  when  the  mass  has  been  turned  into  a  firm 
jelly,  may  be  arrived  at  within  the  varying  limits  just  named, 
and  occupies  a  corresponding  period  :  only  a  few  minutes  if  the 
mass  be  small,  spread  out  or  shaken,  but  many  hours  if  a  large 
quantity  be  kept  motionless  and  cool. 

The  third  stage  therefore  begins  sometimes  as  soon  as  ten  to 
fifteen  minutes,  but  generally  after  some  hours.     Clear  drops  of 
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senim  appear  about  the  clot.  After  several  hours  this  contracts 
until  it  fonns  but  a  comparatively  small  mass  floating  in  the 
semm.  If  the  jelly-like  clot  be  disturl)ed,  the  serous  fluid  makes 
its  appearance  much  sooner  than  the  time  just  stated. 

During  the  formation  of  the  clot  under  ordinary  circumstances 
the  corpuscles  are  entangled  in  the  meshwork  of  fibrin,  so  that 
the  gelatinous  mass  has  throughout  a  dark-red  color. 

If  the  coagulation  takes  place  slowly — as  it  does  in  very  cold 
weather,  in  horses'  blood,  or  in  human  blood  if  removed  from  a 
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person  during  fever — then  the  heavier  red  corpuscles  have  time 
to  subside  to  the  lower  layers  of  the  clotting  pla.sma,  while  the 
white  cells  are  caught  in  the  meshes  of  the  fibrin  and  remain  in 
the  upper  layer  of  the  clot,  which  then  has  the  pale  color  famil- 
iar to  the  physician  in  the  old  days  of  bleeding  as  the  "  buffy 
coat,"  or  erusta  phtogtsHca.  This  buffy  coat  contains  a  greater 
proportion  of  the  elastic  fibrin  and  soft  white  cells  than  the 
rest  of  the  clot,  and  encloses  but  few  red  corpuscles,  therefore  the 
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fibrin  can  contract  more  completely  in  this  upper  layer  than  in 
the  deeper  part  of  the  clot  which  includes  the  red  corpuscles. 
The  effect  of  this  is,  that  the  upper  surface  becomes  concave,  and 
a  **  cupped  * '  clot  is  formed.  The  contraction  of  the  clot  proceeds 
for  days,  and  in  order  to  see  the  characters  described  above,  the 
blood  should  be  kept  in  a  cool  place  and  perfectly  motionless. 

The  contraction  of  the  fibrin  and  separation  of  the  serum  can 
be  made  to  take  place  much  more  quickly  by  gentle  agitation 
causing  the  ends  of  the  fibrin  threads  to  separate  from  the  sides 
of  the  vessel,  but  by  thus  disturbing  the  clot  during  its  forma- 
tion, the  coqjuscles  are  displaced  and  escape  into  the  senim, 
which  is  then  stained  and  cannot  be  seen  in  its  clear,  transparent 
state. 

If  brisk  agitation  with  a  glass  rod — or  better  a  bundle  of 

twigs — be  commenced  the  moment  the  blood  is  drawn,  the  fibrin 

is  formed  more  rapidly ;  but  the  corpuscles  are  not  entangled  in 

its  meshes,  for  as  quickly  as  the  elastic  threads  are  formed  they 

adhere  to  and  are  removed  by  the  rod  or  twigs.     Thus  the  fibrin 

is  formed  very  rapidly,  and  the  ordinary  stages  in  the  formation 

of  a  blood  clot,  consisting  of  fibrin  and  the  corpuscles,  do  not 

occur,  for  the  fibrin  is  separated  from  the  corpuscles  as  quickly 

as  it  is  formed.     We  then  have  what  is  commonly  spoken  of  as 

'*  defibrinated  blood,  * '  which  does  not  give  a  blood  clot.    Not  that 

the  coagulation  has  been  prevented,  but  the  material  essential 

for  the  formation  of  a  clot  has  been  removed  as  quickly  as 

formed,  and  instead  of  catching  the  corpuscles  in  the  meshes  of 

its  delicate  fibrils  to  form  the  clot  in  the  ordinary  way,  the 

stringy  shreds  of  fibrin  cling  around  the  beating  rod  as  a  jagged 

mass.     The  following  tables  show  the  relation  of  the  different 

constituents  of  coagulated  and  defibrinated  blood  respectively  : — 

^  pi  .  f  Serum  (appearing  as  clear  fluid). 

Living  Wood  =  I  c„%„^,„  }   =   {  Kibnn+^  J  ^  3,^  ^,^ 

^  p.  ^  (  Fibrin  (removed  on  the  rod). 

Livi„gb,ood={P>—  „}   =  |se™™+J      =      ^^^Z-^'' 

Many  circumstances  influence  the  rapidity  with  which  a  blood 
clot  is  formed.     Speaking  generally,  circumstances  which  tend 
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to  injure  the  corpuscles  or  the  plasma,  and  give  rise  to  changes 
resulting  in  their  death,  promote  coagulation ;  while,  on  the 
other  hand,  conditions  which  protect  the  corpuscles  and  impede 
fibrin  formation  must  retard  coagulation. 

These  may  be  arranged  categorically,  viz. 

(A)  Circumstances  promoting  coagulation  : — 

1 .  Contact  with  foreign  bodies  is  of  the  first  importance  in 

hastening  coagulation.  The  greater  the  surface  of  con- 
tact with  the  vessel  or  the  air,  the  more  the  corpuscles 
are  exposed  to  injury,  and  the  more  rapid  are  the 
destructive  chemical  changes  inducing  fibrin  formation. 
Thus  a  drop  or  two  of  blood  falling  on  any  surface  so 
as  to  spread  out  in  a  thin  layer  clots  almost  instantly. 

2.  Motion,  by  renewing  the  points  of  contact  between  the 

blood  and  the  moving  agent,  hastens  coagulation. 
Thus,  by  whipping  fresh  blood,  all  the  fibrin  can  be 
removed  in  a  few  minutes,  and  the  defibrinated  blood 
left  without  a  clot. 

3.  Moderate  heat. — ^The  formation  of  the  fibrin  generators 

and  the  action  of  the  ferment  seem  to  go  on  more  rap- 
idly at  38^-40°  C.  than  at  any  other  temperature. 

4.  A  watery  condition  of  the  blood  causes  rapid  coagulation 

but  a  soft  clot.  This  is  seen  in  repeated  bleedings  or 
hemorrhages ;  the  blood  which  flows  last  clots  first. 

5.  The  addition  of  a  small  quantity  of  water,  by  setting  up 

rapid  changes  in  the  corpuscles,  accelerates  coagula- 
tion. 

6.  A  supply  of  oxygen. — Oxygen  is  used  up  in  the  chemical 

changes  attendant  upon  the  death  of  the  blood,  and  its 
presence  aids  the  formation  of  firm  clots,  such  as  are 
produced  in  arterial  blood.  Exposure  to  the  air  in  a 
shallow  vessel  facilitates  coagulation,  partly  by  exten- 
sive contact  and  partly  by  a  free  supply  of  oxygen. 
But  exposure  to  air  is  not  necessary,  for  blood  collected 
in  mercury,  without  ever  coming  in  contact  with  the 
air,  coagulates  very  rapidly. 
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(B)  Circumstances  which  retard  coagulation  : — 

1.  Constantly  renewed  and  close  inter-relationship  with  the 

lining  of  healthy  bhod  vessels  alone  affords  the  require- 
ments essential  for  the  preservation  of  the  living  cor- 
puscles and  plasma  in  their  normal  condition. 

2.  When  the  blood  is  surrounded   by  healthy  living  tissues 

interchanges  may  occur  between  them,  and  if  the  oxygen 
supply  is  deficient,  coagulation  is  much  delayed.  Thus 
considerable  quantities  of  blood  effused  into  the  tissues 
may  remain  liquid  and  black  for  many  days.  This 
dark  blood  clots  on  removal  and  exposure  to  the  air. 

3.  Law  temperature. — The   rate   of   coagulation   decreases 

below  38°  C,  and  the  process  is  checked  at  o°  C. 

4.  The  addition  of  concentrated  solutions  of  neutral  salts 

(about  three  volumes  of  30  per  cent,  solution  of  mag- 
nesium sulphate)  quite  prevents  coagulation. 

5.  The  introduction  of  peptone  into  the  blood. 

6.  An  extract  of  the  mouth  of  the  leech  has  a  remarkable 

power  of  preventing  coagulation. 

7.  A  great  quantity  of  water  seems  to  render  the  action  of 

the  fibrin  factors  weak. 

8.  The  addition  of  egg  albumin ^  syrup  or  glycerine, 

9.  The  addition  of  small  quantities  of  alkalies. 

10.  The  addition  of  acetic  ««// until  very  slight  acid  reaction 

is  obtained. 

11.  Increase  in  the  amount  of  carbon  dioxide.     This,  together 

with  the  want  of  oxygen,  explains  why  venous  blood 
clots  more  slowly  and  loosely  than  arterial,  and  why 
the  blood  in  the  distended  right  side  of  the  heart  is  fre- 
quently liquid  after  death  from  suffocation. 

12.  The  blood  of  persons  suffering  from  inflammatory  disease 

coagulates  slowly,  but  forms  a  very  firm  clot,  which  is 
**  buffed  and  cupped." 

COAGULATION  WITHIN  THE  VESSELS. 

Since  the  blood  coagulates  spontaneously  when  removed  from 
the  body,  the  question  now  arises,  How  does  it  remain  fluid  in 
the  blood  vessels  ? 
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Though  this  question  has  long  occupied  much  attention,  it  is 
still  difficult  to  formulate  a  definite  answer.  Nor  can  we  expect 
to  find  any  adequate  explanation  until  we  are  better  acquainted 
with  the  exact  details  of  the  origin  of  the  fibrin  generators.  It 
must  be  remembered  that  the  blood  may  be  regarded  as  a  tissue, 
made  up  of  living  constituents  requiring  constant  assimilation 
and  elimination  for  the  maintenance  of  its  perfectly  normal  con- 
ditions and  life.  We  can  confidently  say  that  coagulation  is  the 
outcome  of  certain  chemical  changes  concomitant  with  the  death 
of  the  blood,  and  that  while  it  lives  no  such  changes  take  place. 
But  such  an  answer  adds  little  to  our  knowledge  of  the  matter. 

Since  constant  chemical  intercourse  must  be  kept  up  between 
the  blood  and  its  surroundings  in  order  to  sustain  the  complex 
chemical  integrity  essential  for  its  life,  we  cannot  be  surprised 
that  its  waste  materials  accumulate,  and  that  it  soon  dies  when 
shed,  as  other  tissues  do  when  deprived  of  their  means  of  sup- 
port. The  formation  of  a  solid  and  the  separation  of  a  liquid 
form  of  proteid  is  in  no  way  uniLSual  as  a  first  step  in  the  decline 
from  exalted  chemical  construction,  for  similar  changes  occur  in 
other  tissues,  and  in  protoplasm  itself.  The  soft  contractile  sub- 
stance  of  muscle  probably  tends  during  its  contraction,  and  cer- 
tainly at  its  death  does  undergo  almost  exactly  the  same  kind  of 
change  as  the  blood  in  coagulation. 

If  we  knew  accurately  the  nutritive  process  taking  place  in  the 
blood  itself,  and  with  which  of  its  surroundings  it  keeps  up  chem- 
ical interchange,  the  answer  would  be  much  simplified.  But  we 
have  in  the  blood  three  elements  that  probably  have  different 
modes  of  assimilation  and  elimination,  viz.,  plasma,  white  cells 
and  red  discs.  We  practically  know  nothing  of  the  changes 
they  undergo  during  their  nutrition  ;  or  whether  their  tissue 
changes  have  a  necessary  relation  to  those  of  the  neighboring 
tissues.  We  do  know,  however,  that  there  exists  some  very  inti- 
mate relation  between  the  membrane  lining  the  vessel  walls  and 
the  contained  blood.  They  seem  to  require  frequently  repeated 
contact  one  with  the  other  in  order  that  the  normal  condition  of 
both  may  be  maintained  in  perfect  vital  integrity.  That  fresh 
supplies  of  blood  are  required  by  the  vessel  wall  may  be  shown 
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by  the  fact  that  when  deprived  of  its  nutriment  by  a  stoppage  of 
the  blood  flow,  it  soon  loses  its  power  of  retaining  the  blood,  and 
admits  of  extravasation.  And  that  renewed  contact  with  the 
vessel  wall  is  equally  necessary  for  the  integrity  of  the  blood, 
is  seen  from  the  fact  that  the  cells  congregate,  the  discs  adhere 
together,  and  the  plasma  coagulates  when  stasis  interferes  with 
its  intercourse  with  fresh  parts  of  the  intima.  Probably  the 
chemical  changes  going  on  in  the  one  are  useful  for  the  nutrition 
of  the  other,  and  they  mutually  supply  one  another  with  some 
material  essential  for  their  life.  This  is  apparent  in  those  cases 
where  coagulation  takes  place  during  life  in  the  vessels.  It  never 
occurs  so  long  as  the  intima  of  the  vessel  is  perfect,  and  the 
blood  flow  constant,  but  it  follows  lesion  of  this  delicate  mem- 
brane, whether  caused  by  injury  or  mal-nutrition. 

The  gradual  occurrence  of  this  impairment  of  function  of  the 
intima  can  be  watched  under  the  microscope  in  the  small  vessels 
of  a  transparent  part  during  the  initial  stages  of  inflammation. 
Owing  to  the  arrest  of  the  flow  of  blood,  the  walls  of  the  small 
vessels  suffer  from  defective  nutrition,  and  may  be  seen  to  allow 
some  elements  to  escape,  while  the  discs  adhere  together  and  the 
plasma  coagulates. 

In  the  larger  vessels  the  same  thing  occurs  when  inflammation 
of  their  lining  membrane  destroys  its  capability  of  keeping  up 
the .  necessary  nutritive  equilibrium.  Thus  clots  form  on  the 
inner  lining  to  the  walls  of  an  inflamed  vein,  often  growing  so 
as  to  fill  the  entire  vessel,  and  give  rise  to  a  condition  called 
thrombosis. 

On  the  valves  of  the  left  side  of  the  heart  and  in  the  arteries, 
where  the  delicate  intima  is  subjected  to  great  mechanical  strain, 
it  is  common  enough  to  find  slight  injuries  of  it  covered  over 
with  thin  clots.  To  the  surgeon  this  mutual  nutrition  of  intima 
and  blood  is  of  the  utmost  importance  in  attaining  the  occlusion 
of  vessels,  for  it  is  upon  this  fact  he  has  mainly  to  depend  for  the 
stoppage  of  hemorrhage  from  a  wounded  artery.  A  tightly-tied 
ligature  either  injures  the  inner  coats  mechanically,  or  starves 
the  intima  by  checking  the  flow  of  blood  through  the  vessel  up 
to  the  next  branch,  and  that  portion  of  the  vessel  is  filled  with 
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Stationary  blood,  which  soon  clots  and  forms  an  adherent  pKig. 
But  if  the  ligature  be  applied  too  loosely,  a  slight  blood  current 
passes  through  the  point  where  the  vessel  is  tied,  and  this  suf- 
fices for  the  nutrition  of  the  intima  by  the  renewal  of  the  blood's 
contact,  so  that  no  clot  is  formed,  the  vessel  is  not  closed,  and 
most  probably,  when  the  ligature  has  cut  through  the  outer  coat, 
**  secondary  hemorrhage  "  occurs. 

It  has  also  been  shown  that  if  any  foreign  substance,  such  as 
a  thread,  be  introduced  into  the  blood  while  circulating,  a 
coagulum  will  form  around  it.  From  this  it  would  appear  that 
the  presence  of  a  substance  which  cannot  carry  on  the  necessary 
chemical  intercourse  with  the  blood  will  excite  irritation  in  its 
elements,  and  so  effect  slight  local  death  of  the  plasma  and  the 
production  of  fibrin. 

The  time  required  for  the  production  of  intra- vascular  coagu- 
lation as  a  result  of  mere  stasis  is  happily  long,  for  it  has  been 
found  that  the  blood  current  may  be  stopped  in  a  limb,  by  pres- 
sure or  otherwise,  for  many  hours  without  coagulation  occurring. 
Indeed,  cases  have  occurred  where  a  tight  bandage  has  stopped 
the  circulation  for  an  entire  day  without  injurious  consequences. 
This  is  explained  by  the  fact  that  so  long  as  the  intima  lives,  the 
blood  remains  fluid ;  in  short,  the  tissues  die  before  the  blood 
clots  in  the  vessels. 

The  tissues  continue  to  live  for  some  time  after  the  animal  is 
dead,  and  so  we  see  the  blood  remains  fluid  in  the  vessels  a 
considerable  time,  in  fact,  as  long  as  the  vessel  wall  can  nourish 
itself  and  live.  Thus  it  has  been  shown  that  the  blood  in  a 
horse's  jugular  vein  separated  by  ligature  from  the  circulation, 
and  removed  from  the  animal,  will  remain  fluid  for  fully  twenty- 
four  hours. 

In  cold-blooded  animals  the  tissues  live  for  even  a  longer  time. 
The  heart  of  the  tortoise,  if  kept  under  suitable  conditions,  will 
beat  for  two  days  when  removed  from  the  body,  and  asBrlicke 
has  shown,  blood  contained  in  it  will  remain  fluid  until  after  the 
heart  is  dead. 

If  the  details  of  the  fibrin  formation  within  the  blood  vessels 
be  followed,  it  is  found  that  the  injured  spot  or  foreign  body  first 
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becomes  covered  over  with  white  corpuscles,  around  which 
threads  of  fibrin  appear  attached  to  the  rough  surface.  As  more 
fibrin  is  formed  and  the  layer  thickens,  only  a  few  cells  can  be 
seen  in  its  meshes,  but  a  great  numl)er  always  exist  on  the  sur- 
face of  the  new  fibrin,  forming  a  layer  between  it  and  the  blood- 
It  is  further  remarked  that  coagulation  has  some  relation  to  the 
abundance  of  white  cells  in  all  spontaneously  coagulated  fluids. 
The  more  cells,  the  firmer  the  clot.  In  pathological  exudations, 
also,  and  those  acute  serous  collections  which  coagulate  on 
removal  from  the  body,  fine  granular  threads  of  fibrin  seem 
to  start  from  the  white  cells,  and  radiate  from  them  in  a  stellate 
manner.     (Figs.  loo  and  109.) 

When  white  cells  congregate  at  a  point  of  a  vessel  from  which 
the  intima  is  stripped,  their  more  active  exertion  possibly  pro- 
duces the  ferment,  etc.  And  at  the  same  time  they  remain  at 
the  injured  part  of  the  vessel  wall,  and  the  removal  of  the 
fibrin  factors  cannot  occur  at  the  place  of  injury,  since  the  intima 
is  destroyed.  Thus,  local  clots  are  formed  which  extend  over 
the  injured  surface,  and  by  a  process  of  organization  the  repair 
of  the  denuded  patch  is  accomplished. 

Some  believe  that  a  great  number  of  white  blood  cells  undergo 
chemical  disintegration  the  instant  the  blood  is  shed,  and  con- 
sider that  the  fibrin  ferment,  and  probably  other  fibrin  gener- 
ators, are  the  result  of  the  destruction  of  these  weak  cells,  and 
exclude  the  red  corpuscles  from  taking  any  share  in  the  process. 

There  is  some  evidence,  however,  that  the  plasma  and  the 
discs  can  give  rise  to  all  the  fibrin  factors,  and  we  know  that  in 
the  circulation  white  cells  must  be  destroyed  and  yet  cause  no 
coagulation. 

If  some  fresh  blood  be  allowed  to  flow  into  a  fine  capillary 
tube,  the  white  cells  can  be  seen  to  move  away  from  the  red 
discs,  and  the  formation  of  the  clot — a  delicate  fibrin  network 
enclosing  the  discs — may  be  watched.  Here  some  at  least  of  the 
white  cells  exhibit  manifestations  of  life  for  a  considerable  time 
after  the  clot  has  been  formed,  and  their  death  could  not  have 
been  the  source  of  the  fibrin  factors. 

In  conclusion,  then,  we  can  only  suppose  that,  as  in  other 
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tissues,  some  chemical  changes  must  go  on  in  the  elements  of 
the  blood  in  order  to  preserve  its  integrity.  A  cessation  of  these 
changes  gives  rise  to  new  products  which  produce  fibrin,  and 
hence  cause  coagulation.  But  so  long  as  the  elements  of  the 
blood  are  frequently  brought  into  close  relationship  with  a 
healthy  vessel  wall,  the  fibrin  factors  are  either  produced  in  such 
small  quantity  as  to  be  ineffectual,  or  they  are  altered,  destroyed, 
or  taken  up  by  the  intima  and  possibly  utilized  for  its  nutrition. 
When  the  blood  is  removed  from  the  vessels,  the  production  of 
the  fibrin  factors  proceeds  effectually,  either  on  account  of  the 
blood  elements  undergoing  destructive  changes,  the  products  of 
which  accumulate ;  or  owing  to  the  impossibility  of  re-integration, 
the  fibrin  factors  appear  as  a  product  of  lethal  chemical  change 
or  decomposition. 

In  accepting  the  first  view,  we  only  adopt  the  theory  of  John 
Hunter,  who  thought  coagulation  was  an  act  of  life.  If  we 
adopt  the  other  view,  we  must  needs  say  it  is  an  act  of  death. 
But,  after  all,  this  is  a  mere  difference  in  degree,  for  how  can  we 
distinguish  between  the  unsuccessful  attempt  of  a  living  tissue  to 
re-integrate,  or  regain  the  chemical  properties  upon  which  its 
life  depends,  and  the  inevitable  result  of  failure,  which,  if  pro- 
longed beyond  a  certain  point,  must  cause  its  death  ? 


CHAPTER  XVI. 

THE  HEART. 

The  course  taken  by  the  blood  in  its  way  to  the  various  parts 
of  the  body  is  called  the  circulatien,  on  account  of  its  having  to 
make  repeatedly  the  circuit  of  vessels  leading  to  and  from  the 
heart.     The  heart  is  the  great  motor  power  which  drives  the 
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blood  through  all  the  vessels,  of  which  there  is  one  set  belong- 
ing to  the  circulation  of  the  organs  of  the  system  generally,  and 
another  leading  to  and  from  the  lungs. 

Anatomists  speak  of  two  circulations — the  greater  or  systemic, 
and  the  lesser  o\  pulmonary.  However,  if  we  follow  the  course 
of  the  blood,  we  see  that  both  these  sets  of  vessels  really  belong 
to  the  one  circulation,  and  in  fact  form  but  one  circuit.     In  all 
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the  higher  animals  the  heart  forms  a  single  organ,  but  it  really 
is  composed  of  two  muscular  pumps  which  are  anatomically 
united  though  distinct  in  function.  These  functionally  distinct 
hearts  work  at  different  parts  of  the  circuit  traversed  by  the 
blood.  The  blood  on  its  way  through  the  lungs  and  systemic 
vessels  visits  th^  heart  twice,  in  order  to  acquire  the  force  neces- 
sary to  overcome  the  resistance  of  these  two  sets  of  vessels.  The 
right  heart  is  visited  before  the  pulmonary  vessels,  and  is  the 
agent  for  pumping  the  blood  through  the  lungs.  The  left  heart 
is  placed  before  the  systemic  vessels  and  pumps  the  blood 
through  the  body  generally.  Thus  anatomically  there  appear  to 
be  two  circulations  and  but  one  heart ;  physiologically  there  is 
one  circulation  and  two  hearts ;  or  two  separate  points  of  resist- 
ance and  a  distinct  pumping  organ  to  drive  the  blood  through 
each. 

The  circulation  might  then  be  represented  by  a  simple  diagram 
(Fig.  no)  in  which  the  direction  of  the  current  is  indicated  by 
the  arrows.  L  H  shows  the  position  of  the  left  or  systemic 
pump,  and  S  the  resistance  in  the  systemic  vessels.  R  H  rep- 
resents the  pulmonary  pump  and  P  the  second  obstacle  in  the 
circuit,  viz.,  the  vessels  of  the  lungs.  This  functional  distinction 
must  be  kept  in  view  in  studying  the  dynamics  of  the  circulation, 
although  the  two  pumping  organs  are  fused  into  one  viscus,  with 
two  distinct  and  separate  channels  for  the  passage  of  the  blood. 

In  each  system  of  blood  vessels  we  have  the  same  general 
arrangement  for  the  distribution  and  re-collection  of  the  blood. 

In  passing  from  either  the  right  or  left  side  of  the  heart  the 
blood  flows  into  tubes  called  arteries,  which  divide  and  subdivide 
until  the  branches  become  microscopical  in  size.  From  the  very 
minute  arteries  the  blood  passes  into  the  capillaries,  which  cannot 
be  said  to  branch,  but  form  a  network  of  delicate  tubes  with 
meshes  of  varying  closeness  according  to  the  tissue. 

Connected  with  the  meshes  of  the  capillaries  are  the  small 
veinlets  which  collect  the  blood  from  the  networks  (Fig.  in). 
These  unite,  gradually  forming  larger  vessels,  which  again  are 
but  the  tributaries  of  the  large  veins  which  convey  the  blood 
back  to  the  heart. 
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Fig.  113. 


About  three  hundred  years  ago  the  tnie  course  of  the  blood 
current  through  the  systemic  and  pulmonary  heart,  arteries  and 
veins,  so  as  to  form  one  circle,  was  demonstrated  by  Harvey. 
Before  his  time  only  the  so-called  "  lesser  "  or  pulmonary  circuit 
was  known.  The  magnifying  glasses  at  his  disposal  did  not 
enable  him  to  see  the  capillaries,  which  were  first  described  by 
Malpighi  some  fifty  years  later. 

In  the  hope  of  making  their  different  functions  appear 
more  striking,  the  various  parts  of  the  circulatory  apparatus 
may  be  enumerated  as  follows,  and  roughly  illustrated  by  a 
diagram : — 

1.  The  left  (systemic)  heart  (L  H)  pumps  the  blood  into  the 
systemic  arteries,  and  thus  keeps 
these  vessels  over  filled. 

2.  The  larger  systemic  arteries 
(A),  by  their  elasticity,  exert  con- 
tinuous pressure  on  the  blood  with 
which  they  are  distended. 

3.  The  smaller  systemic  arteri- 
oles (A'),  by  their  vital  contrac- 
tility, check  and  regulate  the 
amount  of  blood  flowing  out  of  the 
larger  arteries  into  the  capillaries, 
and  thus  keep  up  a  high  pressure 
in  the  larger  arteries. 

4.  In  the  systemic  capillaries  (S 
C),  the  essential  operations  of  the 
blood  are  carried  out,  viz.,  the 
chemical  interchanges  between  it 
and  the  tissues. 

5.  The  wide  systemic  veins  (V) 
are  the  passive  channels  conveying 
the  impure  blood  to  the  pulmonary 
heart. 

6.  The  right  (pulmonary)  heart 

(R  H)  pumps  the  blood  into  the  pulmonary  arteries  and  dis 
tends  them* 


s.c. 

Diagram  of  the  Circulation  oi  the  Blood 
and  the  absorbent  vessels.  For  details, 
see  text. 
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7.  The  pulmonary  arteries  (PA)  press  steadily  upon  the  blood 
and  force  it  through — 

8.  The  small  pulmonary  arterioles  (P  a),  regulate  the  flow 
into  the  capillaries  of  the  lungs. 

9.  In  the  pulmonary  capillaries  (P  C),  the  blood  is  exposed 
to  the  air,  and  undergoes  active  gas  interchange. 

10.  The  pulmonary  veins  (P  V)  carry  the  blood  to  the  left 
heart,  and  thus  complete  the  circuit. 

LA  indicates  the  lymphatics,  which  drain  the  tissues,  and  he 
the  lac  teals,  which  absorb  from  the  stomach  and  intestines  (I). 

Although  the  blood  enters  the  arteries  by  jerks,  its  motion 
through  the  capillaries  is  even,  because  the  arteries  constantly 
press  on  the  blood  they  contain,  their  elastic  walls  being  dis- 
tended by  the  pumping  of  the  heart,  which  fills  the  aorta 
and  arteries  more  quickly  than  they  can  empty  themselves, 
unless  the  adequate  pressure  h§is  been  attained.  The  contracting 
arterioles  are  the  chief  agents  in  resisting  the  outflow  and  keep- 
ing up  the  arterial  pressure. 

THE  HEART. 

The  heart  of  man  and  other  warm-blooded  animals  may  be 
said  to  be  made  up  of  two  muscular  sacs,  the  pulmonary  and 
systemic  pumps,  or,  as  they  are  commonly  termed,  the  right  and 
left  sides  of  the  heart ;  between  these  no  communication  exists 
after  birth.  Each  of  these  sacs  may  be  divided  into  two  cham- 
bers— one,  acting  as  an  ante-chamber,  receives  the  blood  from 
the  veins;  it  has  very  thin  walls  and  is  called  the  auricle ;  the 
other,  the  ventricle^  is  the  powerful  muscular  chamber  which 
pumps  the  blood  into  and  distends  the  arteries.  (Figs.  113  and 
114.) 

In  the  empty  heart  the  great  mass  of  the  organ,  which  forms 
a  blunted  cone,  is  made  up  of  the  ventricles,  while  the  flaccid 
auricles  are  found  retracted  to  an  insignificant  size  at  its  base. 
The  four  cavities  have  the  same  capacity,  namely,  about  six 
ounces  or  eight  cubic  inches  when  distended. 

The  walls  of  both  the  auricles  are  about  the  same  thickness, 
while  the  amount  of  muscle  in  the  walls  of  the  ventricles  differs 
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materially.  The  wall  of  the  left  ventricle,  including  that  part 
which  forms  the  inter- ventricular  septum,  is  nearly  three  times  as 
thick  as  that  of  the  right  or  pulmonary  ventricle. 


1.  Superior  *ciu  can.    1.  Inferior 
rljhl  lurick,     4,  4-  Cavity  of  right  venlncK.     t-   rtflUxty  muicle.     5,  5-,  y. 
incuipid  valve.     6.  IHilinonary  artery.  In  the  wall  of  mrhich  a  window  hcu  bi 


AkRANGKMENT  OF  MUSCLE  FIBRES. 
At  the  attachment  of  each  auricle  to  its  corresponding  ven- 
tricle there  is  situated  a  dense  ring  of  tough  connective  tissue, 
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which  surrounds  the  openings  leading  from  the  auricles  to  the 
ventricles.  Similar  tendinous  rings  (zona  tendinoso)  exist 
around  the  orifice  of  the  aorta  and  pulmonary  arteries.     These 


The  Lift  Auricle  ind  Ventricle  opened  ind  pin  of  iheir  waUi  removed  to  ihow  their 
caviiiei.    {Al/rn  Tiomi,^  } 

I.  Kight  pulmnnary  vein  cut  (hurt.  i'.  Cavity  of  lefi  auricle.  3.  Thick  wall  or  left 
venlricle.  4.  Pariion  of  the  ome  wilh  papillary  miucle  iltached.  1.  <.  The  other 
papillary  muicles.    6.  One  seKinent  of  Ihe  mllral  valve.    7.  in  aorta  li  p^ced  over  the 

tendinous  rings  form  the  basis  of  attachment  for   the  muscle 
bundles  of  the  walls  of  both  the  ventricles  and  auricles. 

In  the  ventricles  many  layers  of  muscles  can  be  made  out. 
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The  outer  fibres  pass  in  a  twisted  manner  from  the  base  toward 
the  apex,  where  they  are  tucked  in  so  as  to  reach  the  inner  sur- 
face of  the  ventricular  cavity.  They  then  pass  back  to  be 
attached  at  the  base;  some  passing  into  the  papillary  muscles 
are  connected  with  the  cardiac  valves  through  the  medium  of 
the  chordae  tendineje ;  and  the  others,  forming  irregular  masses  of 
muscle  on  the  inner  surface  of  the  cavity,  pass  in  various  direc- 
tions toward  the  base,  to  be  fused  with  the  tendinous  rings 
around  the  arterial  orifices.  Another  set  of  layers  passes  trans- 
versely around  the  ventricle  lying  between  the  inner  and  outer 
sets,  and  passing  nearly  at  right  angles  to  them. 

The   muscular  fibres  forming 
the    thin   auricular  walls    have  fio.  hj. 

their  origin  from  the  zones  of 
the  auriculo-ventricular  oriftces, 
and  pass  very  irregularly  around 
the  cavities.  The  outer  set  of 
fibres  have  a  transverse,  the 
inner  a  longitudinal  direction. 
Bands  of  fibres  encircle  the 
orifices  of  the  great  veins,  and 
extend  for  some  little  distance 
along  the  vessels,  particularly 
on  the  pulmonary  veins,  which 
have  thick,  circular,  muscular 
coats  after  they  leave  the  lungs. 

The  fibres  of  the  auricles  are 
not    directly    continuous    with 

those   of  the   ventricles,    the  au-    striated  MutclcTiitueot  the  H»n.<how- 

ricular    and     ventricular    fibres      ITiLch^^lluXwiihMnirtinuiit' '  °" 

being  only  related  to  each  other 

by  their  points  of  origin,  viz.,   the  auriculo-ventricular  fibrous 

zones. 

MINUTE  STRUCTURK. 

The  muscle  tissue  of  the  heart  differs  both  in  structure  and 

mode  of  action  from  the  other  contractile  tissues  of  the  body. 

The  elements  are  firmly  united  with  one  another  to  form  irregular 
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close  networks,  which,  however,  can  be  broken  up  into  masses 
easily  recognizable  as  peculiar  cells.  These  cells  are  irregular, 
prismoidal  blocks,  the  blunt  ends  of  which  are  often  split,  allow- 
ing connection  with  two  contiguous  cells.  They  contain  a 
nucleus,  situated  in  the  central  axis  of  the  cell.  The  cells  are 
not  surrounded  by  a  distinct  sheath  of  sarcolemma. 

Though  striated,  the  action  of  the  heart  muscle  is  peculiarly 
independent  of  the  higher  nervous  centres,  being  quite  invol- 
untary ;  it  is  characterized  by  a  definite  periodicity  and  is  inca- 
pable of  tetanus.  The  duration  of  its  contraction  is  very  long 
when  compared  with  that  of  the  skeletal  muscles,  but  is  much 
shorter   than    that   of   the   contracting  tissues  of  most  hollow 

viscera. 

VALVES. 

The  orifices  which  lead  into  and  out  of  the  ventricles  have 
peculiar  arrangements  of  their  lining  texture,  forming  valves 
which  allow  the  blood  to  pass  only  in  a  certain  direction.  These 
valves,  which  form  a  most  interesting  and  important  part  of  the 
economy  of  the  heart,  are  of  two  kinds,  each  differing  in  its 
mode  of  action.  One  prevents  the  passage  of  the  blood  from  the 
ventricles  to  the  auricles,  the  other  guards  the  openings  into  the 
great  arteries. 

The  auriculo-ventricular  valves  have  a  sail-like  action.  They 
are  made  up  of  delicate  curtains  formed  of  thin  sheets  of  connec- 
tive tissue  arising  from  the  margins  of  the  auriculo-ventricular 
openings  which  form  the  fixed  attachment  of  each  of  the  curtains 
of  the  valves.  The  free  edges  and  ventricular  surfaces  of  the 
curtains  are  blended  with  the  tendinous  cords  coming  from  the 
j3apillary  muscles,  and  thus  give  points  of  tendinous  attachment 
to  some  of  the  bundles  of  muscle  fibres  in  the  wall  of  the  ven- 
tricle. At  the  right  auriculo-ventricular  opening  there  are  three 
chief  curtains;  hence  it  is  called  the  '*  tricuspid*'  valve  (Fig. 
117,  RAV^.  The  opening  from  the  left  auricle  to  the  left  ven- 
tricle, which  is  about  one-third  smaller,  is  guarded  by  two  large 
valvular  flaps,  and  is  hence  called  the  *'  bicuspid,**  or  more  com- 
monly ''mitral,'*  valve  (Fig.  116). 

The  aortic  and  pulmonary  valves  are  made  up  of  three  deep 
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semilunar  pockets  ■fixtki  free  margins  looking  toward  the  vessel. 
The  convex  base  of  each  pocket  is  attached  to  the  arterial  orifice 
of  the  ventricle,  with  the  lining  membrane  of  which  it  is  con- 
tinuous. 

Fic.  ii«. 


Ibt  lendiDoui  conJi.    (AIIik  VJuihuh.) 

ACTION  OF  THE  VALVES. 
Auriculo- ventricular  Valves, — The  mode  of  action  of  ihe 
flaps  of  the  tricuspid  and  mitral  valves  is  like  that  of  a  lateen 
sail  of  a  boat,  if  we  substitute  the  blood  stream  for  the  air  cur- 
rent ;  the  tendinous  cords  acting  as  the  "  sheet "  or  roi>e  which 
restrains  the  sail  when  filled  with  wind. 
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The  curtains  of  the  valves  may  at  first  be  considered  as  lying 
close  to  the  ventriciilar  wall.  As  the  ventricle  gradually  be- 
comes filled,  the  flaccid  miisciilar  wall  is  moved  away  from  the 
valves,  which  are  held  in  the  midst  of  the  fluid  by  the  tendinous 
cords  coming  from  the  elastic  papillary  muscles.  When  the 
auricle  contracts,  a  column  of  blood  is  driven  into  the  ventricle, 
which,  though  not  distended,  is  already  filling  with  blood,  lliis 


TIh  Orifico  ol  ihe  Hcan  i«n  from  bcl 

chordie  icndhxm.    (//nj^/cr.) 
gAy.    Righl  .urlcuki-wnincubr  openini 
/^y.    Leri  I»lricu1<>.w>lrii:ular  opening  g 
PA.    FulnoiwiT  vl*"  c]««]. 


sudden  central  inflow  gives  rise  to  lateral  back  eddies,  which  get 
behind  the  flaps  of  the  valves  and  carry  them  toward  the 
auricle.  By  the  lime  the  auricle  has  emptied  itself  into  the 
ventricle,  the  fla[3s  of  the  valves  are  in  contact  with  each  other 
and  the  orifice  is  closed.  When  the  ventricle  begins  to  contract 
upon  its  contained  blood,  the  pressure  makes  the  valves  tense 
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and  the  fluid  bellies  out  the  sail-like  fla|)s  toward  the  auricles,  so 
that  their  convex  sides  come  into  still  cloter  apposition  with  one 
another.  Their  free  margins  are  held  firmly  in  position  by  the 
papillary  muscles  contracting  and  tightening  the  cords.  The 
flaps  are  kept  at  much  the  same  tension  by  the  papillary  muscles 
shortening  in  proportion  as  the  ventricle  empties  itself  and  the 
cavity  diminishes  in  size.  By  this  mechanism  the  valves  are 
prevented  from  bulging  too  much  into  the  auricles,  or  allowing 
the  blood  to  pass  back  into  them. 

The  Arterial  Valves. — The  semilunar  valves  are  mere  mem- 
branous pockets,  and  have  no  tendinous  cords  attached  to  them ; 
but  on  account  of  the  extent  of  their  convex  attachment,  when 
their  free  margin  is  made  tense  by  the  pocket  being  filled  from 
the  artery,  the  valves  can  only  pass  a  given  distance  from  the 
wall  of  the  vessel  and  are  thus  held  firmly  in  position.  The 
force  of  the  blood  leaving  the  ventricle  distends  the  vessel  and 
pushes  its  wall  away  from  the  less  elastic  valve.  When  the  force 
begins  to  diminish,  the  blood  passes  behind  the  semilunar  flaps 
and  raises  them  from  the  wall  of  the  distended  artery.  The 
moment  the  current  from  the  ventricle  has  ceased  to  flow,  the 
pockets  are  forced  back  by  the  aortic  blood  pressure  and  bulge 
into  the  lumen  of  the  vessel,  so  that  the  convex  surface  of  the 
lunated  portions  of  each  valve  is  pressed  against  corresponding 
parts  of  its  neighbors.  Their  union,  which  is  accomplished  by 
their  overlapping  to  some  extent,  forms  three  straight  radiating 
lines,  and  is  a  perfectly  impervious  barrier  to  any  backward  flow 
of  blood  (Fig.  118,  PA  and  Ad). 

CARDIAC  CYCLE- 

It  is  only  by  means  of  these  valvular  arrangements  that  the 
heart  is  enabled  to  perform  its  function  of  pumping  the  blood 
in  a  constant  direction  onward  to  empty  the  veins  and  fill  the 
arteries. 

This  pumping  is  carried  on  by  the  successive  contractions  and 
relaxations  of  the  muscular  walls  of  the  various  cavities. 

The  blood,  flowing  from  the  systemic  and  pulmonary  veins, 
passes  unopposed  into  the  right  and  left  auricles  respectively.   As 

23 


266  MANUAL  OF   PHYSIOLOGY. 

soon  as  the  auricles  are  full  their  walls  suddenly  contract  and 
press  the  blood  into  tht  right  and  left  ventricles,  u|x)n  which  the 
ventricles  immediately  contract,  and  force  it  into  the  great 
arteries. 

The  contraction  of  each  pair  of  cavities  is  followed  by  their 
relaxation. 

The  blood  cannot  pass  back  into  the  veins  from  the  auricles 
when   they  contract,  because   the  auricular  contraction   com- 


PA.  Pulnt 


ltd,  pnd  LAV-  UicMapLd  vjilv 


mences  in  the  bundles  of  muscular  fibre  which  surround  the 
orifices  of  the  great  venous  trunks;  and  it  cannot  flow  back  to 
the  auricles,  because,  as  has  been  seen,  the  force  of  the  blood 
current  on  its  entry  into  the  ventricles  closes  the  valves ;  while  a 
backward  flow  from  the  large  arteries  is  at  once  prevented  by  the 
current  distending  the  semilunar  |X)ckets,  and  thus  firmly  closing 
the  valves. 

When  viewed  for  the  first  time,  the  beat  of  the  heart  api)ears 
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to  be  a  single  act,  so  rapidly  does  the  ventricular  follow  the 
auricular  beat.  More  careful  examination  shows  that  this  single 
action  is  comix>sed  of  different  pha-ses  of  activity  and  re|>ose, 
which  together  make  up  ihe  cycle  0/ the  heart  6eal.  The  con- 
traction of  the  cavities  of  the  heart  is  called  their  systole,  the 
period  of  rest  is  called  their  diastole. 

Systole  of  the  Heart. — The  systole  of  the  corresponding 
cavities  of  both  sides  of  the  heart  is  exactly  synchronous ;  that  is 
to  say,  the  two  auricles  contract  simultaneously,  and  the  contrac- 
tion of  the  two  ventricles 
follows  immediately  that  of  *■"■■  "9- 

the  auricles. 

The  ventricular  systole 
follows  that  of  the  auricle 
so  closely  that  no  interval 
can  be  appreciated.  The 
rapidly  succeeding  acts  of 
auricular  and  ventricular 
systole  are  followed  by  a 
period  during  which  both 
auricles  and  ventricles  are 
in  diastole,  which  is  com- 
monly spoken  of  as  the 
passive  interval  or  pause. 

While  the  auricles  are 
contracting  the  ventricles 
are  relaxed,  and  the  relax- 
ation of  the   auricles  com-        llh^h  "«"™n«'led'"wiih  iV*  inlerio"  cJ"lhe 

mences     immediately    the 

.       .  . '      ,  Upper  line  .ho»s  Ihc  change  ol  preuun  oMU> 

ventricular  contraction  be-       nnjiniherighnuncit; 

gins.  ihcHihivenlrlde: 

°    _,  ..  ,         r  ..  Lower  Tins  dww.  ihe  chanEO  of  preuure  occur- 

The  entire  cycle  of  the       ring  in  tin  irfi  venuide. 

.  ,  .  (The  IDlDked  sur&«  is  rngved  from  riglil  la  let) 

heartbeat,  occupying  near-       (Afttr  chamian.) 

ly  a  second  in  the  healthy 

adult,  may  be  divided  into  three  stages: — 

Auricular  systole. 
Veatricular  systole. 
General  diastole. 
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The  exact  time  occupied  by  each  phase  of  the  cycle  can  only 
be  calculated  api)roximately.  This  may  be  done  either  by  regis- 
tering graphically  the  motions  of  the  auricles  and  ventricles 
directly  communicated  to  levers  brought  into  contact  with  their 
surface,  or  by  recording  graphically  the  pressure  changes  which 
occur  within  the  cavities,  by  introducing  into  them  little  elastic 
sacks  filled  with  air,  whence  the  pressure  changes  are  communi- 
cated to  an  ordinary  **  tambour,''  and  registered  on  a  smoked 
surface. 

Of  the  whole  jjeriod  of  the  cycle  the  passive  interval  or  pause 
is  the  longest  and  the  most  variable,  for  in  the  ordinary  changes 
in  the  heart's  rhythm  the  pause  alone  varies.  Next  in  duration 
is  the  ventricular  systole,  while  the  shortest  is  the  auricular 
systole. 

The  following  figures  give  approximately  the  proportion  of 
time  occupied  by  each  part  of  the  cycle  in  the  case  of  a  horse, 
whose  intra-cardiac  tension  was  registered  in  the  manner  just 
referred  to  while  his  heart  beat  about  fifty  times  in  the  minute  : — 

Proportion  Duration 

of  cycle.  in  seconds. 

Auricular  systole, J        =  0.2'' 

Ventricular  systole, f         =  0.4^' 

Passive  interval,     .........  J        =  0.6^^ 

Or  if  we  assume  the  human  heart  to  beat  some  seventy  times 
a  minute,  each  cycle  would  occupy  about  -^  of  a  second,  made 
up  as  follows : — 

Auricular  systole, =  ^ig  of  a  second. 

Ventricular  systole, =  A        " 

Pause, =j\ 

The  duration  of  the  auricular  and  ventricular  systole  varies 
little  except  under  abnormal  circumstances,  but  the  pause  is  con- 
stantly undergoing  slight  changes.  In  fact,  the  duration  of  the 
general  diastole  depends  lipon  the  rate  of  the  heart  beat,  being 
less  in  proportion  as  the  heart  beats  more  quickly. 

CARDIAC  MOVEMENTS. 

If  the  thorax  of  a  recently  killed  frog  be  opened,  the  heart 
can  be  observed  beating  in  sifu,  and  the  different  acts  in  the 
cycle  studied  without  difficulty. 
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In  mammalians,  in  order  to  see  the  heart  in  operation,  it 
is  necessary  to  keep  up  artificial  respiration,  during  which  the 
heart  continues  to  beat  regularly,  though  the  thorax  be  oi^ened. 
A  careful  inspection  of  the  beating  heart  shows  that  during  its 
cycle  of  action  certain  changes  take  place  in  the  shape  and  rela- 
tive position  of  its  cavities.  This  is  owing  j>artly  to  the  change 
in  the  amount  of  their  blood  contents  and  partly  to  the  form 
assumed  by  the  muscular  wall  when  contracting. 

During  the  passive  interval  the  auricles  are  seen  to  swell  grad- 
ually on  account  of  the  blood  flowing  into  them  from  the  veins  : 
when  the  auricular  cavities  are  nearly  full,  a  contraction,  com- 
mencing in  the  great  venous  trunks  near  the  heart,  passes  with 
increasing  force  over  the  auricles  and  gives  rise  to  their  rapid 
systolic  spasm.  The  auricles  suddenly  diminish  in  size,  and  ap- 
pear to  become  pale.  When  the  blood  is  being  propelled  through 
the  auriculo-ventricular  openings,  the  flaccid  walls  of  the  ven- 
tricles appear  to  be  drawn  over  the  liquid  mass  by  the  contrac- 
tion of  the  muscular  walls  of  the  auricles  (just  as  a  stocking  is 
drawn  over  the  foot  by  the  hands),  and  the  base  of  the  ventricles 
is  thus  drawn  upward.  The  moment  the  ventricles  have  received 
their  full  charge  of  blood  from  the  auricles  they  contract,  becom- 
ing j-A^A-Z^r  by"  the  movement  of  the  base  toward  the  apex,  and 
thicker  by  their  elongated  cone  becoming  rounder.  The  great 
arteries  are  at  the  same  time  distended  with  the  blood  from  the 
ventricle  and  elongated,  their  elastic  walls  being  drawn  down 
over  the  liquid  wedge.  The  soft  elastic  tissues  are  thus  in  turn 
made  to  slide,  as  it  were,  over  the  incompressible  fluid  that  forms 
the  fulcrum,  which  the  muscular  walls  use  as  a  purchase. 

During  the  systole,  when  the  thorax  is  open,  the  ventricles 
rotate  slightly  on  their  long  axis,  so  that  the  left  comes  a  little 
forward^  and  the  apex  also  forward  and  toward  the  right.  When 
the  systole  of  the  ventricles  ceases,  they  become  flaccid  and 
flattened,  and  the  gradual  refilling  of  the  cavities  begins,  as  there 
is  nothing  to  prevent  the  blood  flowing  from  the  veins  through 
the  auricles  into  the  ventricles,  where  the  pressure,  as  in  all 
parts  of  the  thorax,  is  negative.  The  semilunar  valves  being 
closed,  the  large  arteries  grasp  firmly  the  blood,  and  by  their 
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Steady  resilient  pressure  force  it  on  toward  the  distal  vessels. 
During  this  pause  the  arteries  seem  to  become  shorter  and  to 
draw  the  base  of  the  heart  up  again  by  lengthening  the  flaccid 
ventricles. 

The  part  of  the  heart  which  changes  its  position  most  is  the 
h'ne  between  the  auricles  and  ventricles,  while  the  apex  remains 
fixed  in  one  position,  only  making  a  very  slight  lateral  and  for- 
ward motion,  which  probably  does  not  take  place  within  the 
thorax.  If  a  thin  needle  with  a  straw  attached  be  made  to  enter 
the  apex  through  the  wall  of  the  chest,  the  straw  does  not  move 
in  any  definite  direction  during  the  systole,  but  simply  shakes. 
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If,  on  the  other  hand,  the  needle  be  placed  in  the  base  of  the 
ventricles,  the  straw  moves  up  and  down  with  each  systole  and 
diastole. 

HEARTS  IMPULSE. 
The  heart  commnnicates  its  motion  to  the  chest  wall,  and  the 
movement  can  be  felt  and  seen  over  a  limited  area,  which  varies 
with  the  thinness  of  the  individual.  This  caniiae  impuht,  as  the 
stroke  is  called,  can  Ijest  l)e  felt  in  the  fifth  intercostal  space,  a 
little  to  the  median  side  of  the  left  nipiilc.  It  is  found  to  be 
synchronous  with  the  ventricular  systole.     During  this  period — 
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ventricular  systole — the  base  of  the  ventricles  moves  downward 
and  becomes  thicker.  The  flaccid  cone  which  is  formed  by  ven- 
tricles during  diastole  is  somewhat  flattened  against  the  chest 
wall,  but  during  systole  it  becomes  rounded  and  bulges  forward, 
piishing  the  chest  wall  before  it.  This  change  in  shape  is  the 
chief  cause  of  the  cardiac  impulse. 

If  the  ventricles  be  gently  held  between  the  fingers  during 
their  systole,  a  most  striking  sensation  is  given  by  the  change  of 
shape  and  the  sudden  hardening  of  the  muscle.  The  mass  in  the 
ventricles,  from  being  quite  soft  and  compressible  during  diastole, 
suddenly  acquires  a  wooden  hardness,  owing  to  the  tightness  with 
which  the  muscle  grasps  the  fluid,  and  the  greater  firmness  of  the 
contracting  tissue. 

This  hardening  gives  the  sensation  of  a  sudden  enlargement. 
No  matter  on  what  surface  the  finger  be  placed,  the  heart  seems 
to  give  a  slight  knock  in  that  direction.  Thus,  when  grasped 
between  the  forefinger  placed  below  the  diaphragm  and  the 
thumb  on  the  antero-superior  aspect,  the  impulse  is  equally  felt  by 
each  digit. 

The  important  items  in  causing  the  impulse  are,  then,  the 
change  in  shape  of  the  ventricles  from  a  flattened  to  a  rounded 
cone,  and  their  simultaneous  hardening,  which  no  doubt  helps  to 
make  the  movement  more  distinctly  felt  through  the  wall  of  the 
chest. 

The  point  at  which  the  impulse  is  best  felt  corresponds  to  the 
anterior  surface  of  the  ventricles  at  a  considerable  distance  above 
the  apex;  it  is  therefore  erroneous  to  call  the  impulse  the  '*apex 
beat." 

The  cardiac  impulse  is  a  valuable  measure  of  the  strength  of  the 
systole,  and  hence  is  of  great  importance  to  the  clinical  physician. 
It  may  be  registered  by  means  of  an  instrument  called  the  Car- 
diograph. Many  such  instalments  have  been  devised,  most  of 
which  work  on  the  same  principle,  and  make  a  record  on  a 
moving  surface  with  a  lever  attached  to  a  tambour,  to  which  the 
movements  of  the  chest  wall  are  transmitted  from  a  somewhat 
similar  drum  by  means  of  air  tubes.  In  using  this  plan,  so  gener- 
ally employed  by  Marey,  one  air  tambour  (Fig.  1 20)  is  applied 
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over  the  heart,  the  motions  of  which 
cause  a  vanation  in  the  tension  of  the  air 
I  it  contains;  these  variations  are  trans- 
I  mitied  by  a  tulie,  /  (Fig.  121),  to  the 
^  other  tambour  {6),  where  they  give  rise  to 
=g  a  motion  in  its  flexible  surface,  to  which 
"  a  delicate  lever  is  attached  at  {a). 

s  HEART   SOUNDS. 

■g  The  heart's  action  is  accompanied  by 
S  two  distinct  sounds,  which  can  be  heard 
M  by  bringing  the  ear  into  firm,  direct  con- 
'■%  tact  with  the  precordial  region,  or  indi- 
B  rectly  by  the  use  of  the  stethoscope.* 
■i  One  sound  follows  the  other  (juickly, 
c;  and  then  comes  a  short  jiause ;  conse- 
^  quently,  they  are  spoken  of  as  the  j!m 
■|  and  sirri>ni/ sounds. 

I  The  first  sound  is  heard  at  the  begin- 
~  ning  of  the  ventricular  systole.  It  is  a 
*  low,  soft,  prolonged  tone,  and  is  most 
5  distinctly  heard  over  the  fifth  intercostal 
-  space. 

^  The  second  sound  is  heard  *at  the  mo- 
Z  ment  when  the  two  sets  of  semilunar 
'£,  valves  are  closed  and  made  tense,  that 
3  is  when  the  blood  ceases  to  escape  from 
^  the  ventricles.  It  is  a  sharp,  short  sound, 
■I  and  is  best  heard  at  the  second  castal 
H  cartilage  on  the  right  side. 
I  The  caiLse  of  the  first  sound  is  not  so 
g  evident.  Possibly  several  factors  aid  in 
•-^  its  production.      The  princijtal    events 
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occurring  at  the  same  time  as  the  first  sound  may  be  enumerated 
thus: — 

1.  The  heart's  impulse. 

2.  The  rush  of  blood  into  the  arteries. 

3.  The  contraction  of  the  heart  muscle. 

4.  The  sudden  tension  of  the  ventricular  chambers  and  the 

auriculo- ventricular  valves. 

It  has  already  been  seen  that  the  heart's  impulse  is  caused  by 
a  sudden  change  in  shape  and  density  of  the  muscle,  and  not  by 
a  knock  against  the  chest.  The  first  sound  is  heard  more  clearly 
when  the  chest  wall  is  removed,  so  that  the  ai)ex  beating  against 
the  thorax  cannot  help  to  cause  the  sound. 

The  character  of  the  sound  is  quite  unlike  that  which  could  be 
produced  by  \ki^  passage  of  the  blood  Xkixow^  the  arterial  orifices. 

The  sound  is  not  unlike  the  muscular  tone  which  accompanies 
the  continuous  (tetanic)  contraction  of  the  skeletal  muscles.  It 
corresponds  in  time  with  the  contraction  of  the  cardiac  muscle. 
In  disease  where  the  heart  muscle  is  weak,  the  sound  becomes 
faint  or  inaudible,  although  the  valves  are  made  tense  by  an 
intra- ventricular  force  sufficient  to  overcome  the  pressure  in  the 
arteries.  Otherwise  the  circulation  would  cease.  An  abnormal 
presystolic  sound,  like  in  character  to  the  systolic  sound,  is  now 
supposed. by  some  physicians  to  be  produced  by  the  auricular 
systole  ;  but  this  cannot  depend  on  the  vibrations  of  valves. 

All  this  evidence  tends  to  show  that  the  sound  is  produced  by 
the  contraction  of  the  muscle  tissue  of  the  heart,  or,  in  short, 
that  it  depends  upon  some  sudden  physical  change  occurring 
during  the  cardiac  muscle  contraction. 

Against  the  view  that  the  muscular  tone  is  the  cause  of  the 
first  sound  is  urged  the  supposition  that  only  tetanus  causes  a 
muscle  sound,  and  a  single  contraction  is  not  accompanied  by 
any  tone.  Though  in  many  ways  it  differs  from  the  single  con- 
traction of  other  muscles,  yet  the  heart  beat  is  no  doubt  a  single 
contraction.  But  the  tone  which  may  be  heard  during  the 
normal  contraction  of  skeletal  muscle  has  not  been  proved  to 
depend  on  regularly  recurrent  contractions  such  as  occur  in  the 
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tetanus  produced  by  an  interrupted  current ;  and  a  kind  of  thud, 
very  like  the  first  sound  of  the  heart,  may  be  elicited  by  the 
single  stimulation  of  a  skeletal  muscle. 

On  the  other  hand,  the  auriculo-ventricular  valves  are  made 
tense  at  the  beginning  of  the  sound,  and  injury  or  disease  of  these 
valves  is  said  to  be  associated  with  a  weak  or  altered  first  sound : 
this  is  often  observed  in  disease  of  the  mitral  valve.  The  blood 
is  said  by  some  to  be  necessary  for  the  production  of  the  sound, 
because  the  gentle  closure  and  immediate  subsequent  tension  of 
these  valves  have  a  share  in  causing  it. 

As  before  remarked,  the  valvular  tension  would  not  account 
for  the  presystolic  sound  occasionally  heard,  and  there  is  no 
doubt  that  the  first  sound  can  be  heard  in  an  empty  heart, 
removed  from  the  animal,  in  which  the  valves  cannot  become 
tense,  or  even  in  the  ventricles  after  they  are  separated  from  the 
valves. 

The  sound  has  been  analyzed  with  suitable  resonators,  and  two 
distinct  tones  made  out — one  high  and  short,  corresponding  to 
the  tension  of  the  valves ;  the  other  long  and  low,  corresponding 
in  duration  with  the  muscle  contraction. 

The  reasons  given  for  thinking  that  the  heart  muscle  cannot 
produce  a  tone  suggest  that  the  sudden  state  of  tension  of  the 
ventricular  wall  when  tightened  over  the  blood  may  give  rise  to 
vibrations,  and  be  an  important  item  in  causing  the  fir?t  sound. 
This  would  explain  the  faintness  of  the  sound,  both  when  the 
valves  were  injured  and  the  muscle  weak,  and  when  the  blood 
was  prevented  from  entering.  It  would  also  explain  the  presys- 
tolic sound,  which  requires  a  certain  auricular  tension  for.  its 
production. 

From  the  foregoing  statements  it  would  appear  probable  that 
both  the  tension  of  the  valves  and  the  muscle  are  concerned  in 
the  production  of  the  first  sound. 

The  production  of  the  second  sound  is  more  easily  explained. 
Occurring  just  after  the  ventricle  is  emptied,  it  is  synchronous 
with  the  closure  and  sudden  tension  of  the  semilunar  valves  at 
the  aorta  and  pulmonary  orifices.  'I'he  blood  in  the  aorta  forci- 
bly closes  the  valves  as  soon  as  the  ventricular  pressure  begins 
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to  wane.  This  sudden  motion  causes  a  vibration  of  the  valves, 
which  is  rapidly  checked  by  the  continuous  pressure  of  the  col- 
umn of  blood. 

INNERVATION  OF  THE   HEART. 

A  most  interesting  phenomenon  in  the  heart's  action,  and  one 
difficult  to  explain,  is  the  wonderful  regularity  of  its  rhythmical 
contractions  under  normal  circumstances,  and  the  extreme  deli- 
cacy of  the  nervous  mechanism  by  which  it  is  regulated. 

The  vast  majority  of  the  active  contractile  tissues  of  the  higher 
animals  is  under  the  immediate  direction  of  the  central  nervous 
system.  Thus  the  skeletal  muscles  are  connected  with  the 
cerebro-spinal  axis  by  means  of  nerves,  along  which  impulses 
pass  stimulating  the  contractile  tissue  to  action. 

Some  muscular  organs,  as  has  been  seen  in  the  pharynx, 
oesophagus,  etc.,  though  not  under  the  control  of  the  will,  are 
governed  altogether  by  the  cerebro-spinal  axis ;  while  others,  of 
which  the  most  striking  example  is  the  heart,  have,  in  immediate 
relation  to  the  tissue,  nerve  elements  capable  of  exciting  them  to 
contraction. 

It  will  materially  help  us  in  comprehending  the  nervous 
mechanisms  of  the  heart  if  we  bear  in  mind  the  fact  that  the 
muscle  tissue  of  the  heart  of  some  animals  has — quite  independ- 
ently of  any  nervous  influences — an  inherent  tendency  to  rhyth- 
mical contraction.  This  is  shown  by  the  following  facts.  The 
heart  muscle  cannot,  under  any  circumstances,  remain  contracted 
like  a  skeletal  muscle  in  tetanus,  or  like  an  unstriated  muscle  in 
tonus,  except  when  its  tissue  is  spoiled  by  deficient  nutrition,  etc. 
The  heart  of  many  of  the  invertebrate  animals  contracts  rhyth- 
mically without  any  nerve  elements  being  found  in  it  by  the 
most  careful  microscopic  examination.  A  strip  cut  from  the 
ventricle  of  the  tortoise  can,  by  rapid  gentle  excitations,  be  made 
to  beat  with  an  automatic  rhythm  without  the  help  of  any  known 
nerve  mechanism.  The  lower  part  of  the  frog's  ventricle — which 
is  commonly  admitted  not  to  contain  any  nerves — beats  quite 
rhythmically  if  stimulated  with  a  gentle  stream  of  serum  and 
weak  salt  solution.     There  is  no  reason  to  assume  that  we  cannot 
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concede  to  muscle  tissue,  as  we  do  to  nerve  cells,  the  property  ot 
acting  with  an  automatic  rhythm. 

Although  the  heart  muscle  may  itself  have  this  tendency  to 
rhythmical  contraction,  there  is  no  doubt  that  in  all  vertebrate 
animals  the  rhythm  is  controlled  and  regulated  by  nerves. 
These  may  be  divided  into  an  intrinsic  and  extrinsic  set. 

INTRINSIC  NERVE  MECHANISMS. 

In  cold-blooded  animals,  such  as  a  frog  or  tortoise,  the  heart 
will  beat  for  days  after  its  removal  from  the  animal,  if  it  be  pro- 
tected from  injury  and  prevented  from  drying.  In  warm- 
blooded animals  the  tissues  lose  their  vitality  very  soon  after 
they  are  deprived  of  their  blood  supply ;  however,  spontaneous 
rhythmical  movements  can  be  seen  in  the  mammalian  heart  if 
removed  at  once  after  death.  The  hearts  of  oxen,  rapidly 
slaughtered,  give  a  few  beats  after  their  removal  from  the  thorax. 
If  a  blood  current  be  caused  to  flow  through  the  vessels  of  the 
heart  tissue  this  spontaneous  contraction  will  go  on  for  some  time, 
or  will  even  recommence  after  having  ceased. 

The  hearts  of  two  criminals  who  were  hanged  were  found  to 
continue  to  beat  for  four  and  seven  minutes  respectively  after  the 
spinal  cord  and  the  medulla  had  been  separated. 

These  facts  prove  conclusively  that  the  stimulus  which  causes 
the  heart  to  beat  rhythmically  arises  in  the  muscle  tissue  of  the 
organ  or  in  close  relation  to  it.  Upon  physiological  grounds 
alone  we  might  conclude  that  in  the  heart  tissue  of  the  vertebrata 
there  exist  nerve  elements  capable  of  sustaining  the  rhythmical 
action,  even  if  we  had  not  anatomical  proof  of  the  existence  of 
the  ganglionic  cells  with  which  we  are  familiar. 

Such  collections  of  nerve  elements  are  called  automatic  centres, 
and  are  made  up,  like  all  other  origins  of  nerve  force,  of  gan- 
glionic cells. 

Since  the  heart  of  mammalian  animals  soon  ceases  to  beat,  it 
forms  an  unsatisfactory  subject  for  ex|)erimental  inquiry.  The 
heart's  innervation  is,  therefore,  best  studied  in  a  cold-blooded 
animal,  where  also  the  mechanisms  are  probably  more  simple. 

The  frog,  being  readily  obtainable,  is  commonly  chosen. 


INTRINSIC  NERVE 

After  the  cycle  of  the  heart's  heat  has  been  carefully  watched 
lit  situ,  and  when  removed  from  the  animal,  if  the  ai>ex  of  the 
ventricle  be  se{)arated  from  the  auricles  and  sintis  venosiis  and 
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not  Stimulated  in  any  way,  it  remains  motionless,  while  the 
auricles  continue  to  beat.  But  it  responds  by  an  ordinary  single 
contraction  to  short  direct  stimulus,  and  if  the  stimulus  be  kept 
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up  it  beats  rhythmically.  If  the  auricles  be  removed  from  the 
ventricle  so  as  to  leave  the  line  of  union  attached  to  it,  both  con- 
tinue to  beat.  But  each  part  beats  with  a  different  rhythm,  and 
under  like  conditions  the  auricles  continue  to  beat  longer  than 
the  ventricles.  If  the  heart  be  made  into  three  zigzag  strips  by 
a  couple  of  partial  transverse  incisions,  the  rhythm  of  the  sinus 
is  carried  by  the  muscle  tissue  to  the  very  apex  (Engelmann). 

The  auricles  beat  even  when  subdivided ;  and  the  dilated 
termination  of  the  great  vein,  called  the  sinus  venosus,  opening 
into  the  right  auricle,  when  quite  separated  from  the  rest  of  the 
heart,  continues  to  beat  longer  and  more  regularly  than  any 
other  part.  When  the  entire  heart  is  intact  this  sinus  seems  to 
be  the  starting  point  of  the  heart  beat. 

This  experimental  evidence  of  the  presence  of  nerve  centres  in 
certain  parts  of  the  heart  muscle  of  the  frog  is  supported  by  the 
results  of  anatomical  investigations,  for  the  microscope  shows  that 
there  are  many  ganglionic  cells  distributed  throughout  the  heart 
tissue,  and  that  they  are  located  just  where  we  should  expect 
from  the  above  facts.  That  is  to  say,  there  are  none  in  the 
substance  of  the  ventricles,  while  there  are  several  groups  of 
cells  scattered  around  its  base  in  the  auriculo-ventricular  groove 
(Bidder).  There  are  others  in  the  walls  of  the  auricles,  particu- 
larly in  the  septum,  and  the  greatest  number  are  found  in  the 
walls  of  the  sinus  venosus  (Remak). 

The  ganglia  in  the  sinus  venosus  are  most  easily  stimulated, 
and  are  probably  the  only  ones  which  habitually  act  as  auto- 
matic centres.  They  certainly  take  the  initiative  in  the  ordinary 
heart  beat,  and  regulate  the  rhythm  of  the  contraction  of  the 
auricles  and  ventricles. 

This  seems  more  than  probable  from  the  following  facts :  i . 
The  ordinary  contraction  wave  starts  from  the  sinus  venosus. 
2.  This  part  beats  longer  and  more  steadily  than  the  others  when 
separated  from  the  animal.  3.  When  cut  off  from  the  sinus  the 
beat  of  the  heart  becomes  weak,  uncertain,  and  changes  its 
rhythm.  4.  When  the  sinus  venosus  is  physiologically  separated 
by  a  ligature  from  the  auricles  and  ventricle,  both  the  latter 
cease  to  beat,  while  the  motions  of  the  sinus  continue.     If  a 
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slight  Stimulus,  such  as  the  touch  of  a  needle,  Ihj  then  applied  to 
the  auriculo-ventricular  margin,  it  gives  rise  to  a  series  of  rhyth- 
mical contractions.  Or  if  the  ventricle  be  sejjarated  from  the 
auricles  by  incision  through  the  auriculo-ventricular  groove,  the 
former  commences  to  beat  rhythmically,  while  the  auricles  com- 
monly remain  motionless. 

These  latter  observations  (experiments  of  Stannius)  have  been 
explained  in  various  ways,  supposing  the  ligature  either  (i)  to 
excite  some  inhibitory  nerve  mechanism  or  (2)  cut  off  the  excit- 
ing influence  of  the  sinus.  The  most  probable  explanation  seems 
to  be  the  following.  When  cut  off  by  ligature  from  the  sinus 
venosus,  the  heart  fails  to  contract  spontaneously  because  the 
initiatory  stimulus,  which  habitually  arrived  from  the  sinus  by 
means  of  the  conducting  power  of  the  muscle  tissue,  can  no 
longer  pass  the  block  in  that  tissue.  When  the  ventricle  is  cut 
away  from  the  auricles,  the  incision  is  sufficient  stimulus  to  the 
cells  in  the  groove  to  make  them  excite  its  rhythmical  contrac- 
tions. 

Although  we  cannot  adequately  explain  the  relationships 
borne  by  the  different  sets  of  ganglia  in  the  frog's  heart  to  one 
another,  there  seems  no  doubt  that  the  following  conclusions 
may  be  accepted  as  proven,  and  are,  in  all  probability,  applicable 
to  the  hearts  of  mammals.  That  nerve  centres  exist  in  the 
muscle  tissue  of  the  heart,  some  of  which  are  capable  of  originat- 
ing stimuli  for  the  rhythmically  contracting  muscle.  That  there 
exist  other  ganglionic  groups  which  help  to  regulate  and  dis- 
tribute the  stimuli  in  sequence  throughout  the  several  cavities. 

EXTRINSIC  CARDIAC  NERVES. 

The  intrinsic  nerve  mechanism  of  the  heart  just  described  is 
under  the  immediate  control  of  the  great  nervous  centres  through 
the  medium  of  fibres  passing  from  the  medulla  oblongata  by  the 
vagus  and  sympathetic  nerves. 

Some  of  these  fibres  check  the  action  of  the  intrinsic  ganglia, 
and  cause  the  heart  to  beat  more  slowly ;  hence  they  are  called 
inhibitory.     Others  quicken  the  beat,  and  are  called  acceleratory. 
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INHIBITORY  NERVES  OF  THE  HEART. 

It  was  observed  by  Weljer  (i)  that  electric  stimulation  of  the 
vagus  nerve  caused  a  slowing  of  the  heart's  rhythm,  and  if  in- 
creased gave  rise  to  a  standstill  of  the  heart  in  diastole ;  (a)  that 
the  heart  beat  gradually  recommenced  soon  after  the  stimulus 
had  been  removed. 

On  the  other  hand  (3)  the  section  of  both  vagi  produced  an 
increase  in  the  rapidity  of  the  heart  beat,  varying  according  to 
the  kind  of  animal  experimented  upon.  Section  of  only  one 
vagus,  however,  has  not  this  effect. 

From  these  experiments  it  would  appear — 1.  That  some  fibres 


of  the  vagus  bear  impulses  of  a  checking  or  inhibitory  nature  to 
the  intrinsic  nerves  of  the  heart,  i.  That  these  influences  are 
constantly  in  operation,  or,  in  other  words,  the  vagi  exert  a  tonic 
inhibitory  influence  on  the  rapidity  of  the  heart  beat.  3.  The 
tonic  action  of  one  vagus  bears  inhibitory  influence  suflicient  to 
regulate  the  heart's  action.  This  tonicity  of  the  vagus  inhibition 
is  more  marked  in  dogs  and  man  than  in  rabbits,  and  is  reduced 
to  a  minimum  in  frogs,  where  section  of  the  vagi  produces  very 
little  effect  on  the  rate  of  the  beat. 

Vagias  inhibition  is  increased  by  the  following  circumstances — 
(a)  certain  psychical  phenomena,  such  as  terror,  which  may  pro- 
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duce  a  temporary  standstill ;  (b)  deficiency  of  arterial  blood  in 
the  medulla  oblongata ;  (c)  increase  of  the  blood  pressure  within 
the  cranium ;  and  (d)  reflexly  by  the  stimulation  of  many 
afferent  nerves,  particularly  those  bearing  impulses  from  the 
abdominal  viscera  to  the  medulla,  and  the  afferent  fibres  of  the 
opposite  vagus. 

The  following  drugs  affect  the  cardiac  nerve  mechanisms: 
Muscarin  produces  diastolic  standstill  of  the  heart  by  exciting 
the  local  inhibitory  ganglia  or  vagus  terminals.  Atropin  causes 
quickening  of  the  heart's  action  by  paralyzing  the  endings  of  the 
vagus,  and  also  those  intrinsic  mechanisms  which  are  supposed 
to  have  an  inhibitory  effect.  Nicotin  produces  at  first  a  slowing 
of  the  heart  by  stimulating  the  inhibitory  tone  of  the  vagus. 
This  is  soon  followed  by  exhaustion  of  the  terminals  and  a  con- 
sequent quickening  of  the  heart  beat.  Large  doses  of  curare 
paralyze  the  inhibitory  fibres.  Digitalis  excites  the  vagus  centre 
in  the  medulla,  and  thereby  reduces  the  rapidity  of  the  heart's 
beat. 

THE  ACCELERATOR  NERVES. 

It  has  been  found  that  stimulation  of  the  cervical  portion  of 
the  spinal  cord  causes  quickening  of  the  heart  beat.  This  occurs 
even  after  the  possibility  of  increase  of  blood  pressure  has  been 
removed  by  section  of  the  splanchnic  nerves,  and  the  tonic 
inhibition  of  the  vagi  has  been  cut  off  by  their  section.  In  the 
cervical  portion  of  the  spinal  cord  nerve  channels  must  exist 
which  are  capable  of  stimulating  the  muscle  fibres  of  the  heart, 
so  as  to  cause  it  to  beat  more  quickly.  These  accelerator 
fibres  pass  from  the  cord  through  the  communicating  branches 
to  the  last  cervical  or  first  dorsal  sympathetic  ganglion,  and 
thence  to  the  heart.  Stimulation  of  the  ganglia,  or  of  the 
branches  passing  thence  to  the  heart,  quickens  its  beat.  The 
effect  of  stimulus  applied  to  these  nerves  does  not  begin  to  show 
itself  until  a  comparatively  long  time  after  it  has  been  applied, 
and  the  acceleratory  effort  continues  for  a  considerable  time  after 
the  stimulus  is  removed.  Stimulation  of  the  accelerator  fibres 
has  less  effect  than  the  inhibition  of  the  vagus,  which  follows 
stimulation  whether  the  accelerators  are  stimulated  or  not,  while 
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the  action  of  the  accelerators  is  suspended  so  long  as  the  vagus 
is  being  stimulated. 

An  analogy  exists  between  the  nervous  mechanism  of  the 
heart  and  that  of  the  blood  vessels  (to  be  described  in  a  future 
chapter)  which  may  help  in  their  better  comprehension.  Both 
the  heart  and  vascular  muscles  can  work  automatically  ;  though 
no  ganglionic  cells  can  be  found  in  the  latter.  Both  are 
regulated  by  central  influences.  The  heart  receives  constant 
inhibitory  dilator  impulses  by  the  vagus,  and  occasional  jnotor 
(accelerator)  impulses  by  the  sympathetic.  The  vessels  receive 
constant  motor  (constrictor)  impulses  by  the  sympathetic  and 
occasional  inhibitory  (dilator)  impulses  from  other  nerves. 

The  motor  influences  are  supposed  to  act  by  increasing  the 
chemical  activity  of  the  tissue  (anabolic  action),  while  the 
inhibitory  impulses  lessens  the  tissue  change  (katabolic  action). 

AFFERENT  CARDIAC  NERVES. 

Besides  the  nerve  channels  bearing  impulses  to  the  heart, 
others  pass  from  the  heart  to  the  medulla,  probably  having  their 
origin  in  the  inner  lining  of  the  heart,  which  is  the  part  most 
sensitive  to  stimulus. 

These  fibres  appear  to  be  of  two  kinds,  one  of  which  (in  vagi) 
affects  the  cardio-inhibitory  centre  and  diminishes  the  pulse  rate  ; 
the  other  (depressor)  affects  the  vaso-inhibitory  centre  and 
lowers  the  blood  pressure.  Increase  of  the  intra-ventricular 
pressure  stimulates  both  these  sets  of  fibres,  and  thus  we  see  that 
over-filling  of  the  heart  from  increase  of  blood  pressure,  etc., 
causes  retardation  of  its  beat,  and  an  equilibrium  is  established 
between  the  general  blood  pressure  and  the  force  of  the  heart 
beat. 
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CHAPTER  XVII. 

■ 

THE  BLOOD  VESSELS. 

The  channels  which  carry  the  blood  through  the  body  form  a 
closed  system  of  elastic  tubes,  which  may  be  divided  into  three 
varieties : — 

1.  Arteries. 

2.  Capillaries. 

3.  Veins. 

The  arteries  and  veins  serve  merely  to  conduct  the  blood  to  and 
from  the  capillaries,  where  the  essential  function  of  the  blood, 
viz.,  its  chemical  interchange  with  the  tissues,  is  carried  on. 

ARTERIES. 

The  arteries  are  those  vessels  which  carry  the  blood  from  the 
heart  to  the  capillaries.  The  great  tnmk  of  the  aorta ^  which 
springs  from  the  left  ventricle,  gives  off  a  series  of  branches, 
which  in  turn  subdivide  more  and  more  freely  in  proportion  to 
their  distance  from  the  heart.  Arterial  twigs  of  considerable 
size  here  and  there  form  connections  with  those  of  a  neighboring 
trunk  {anastomoses)  \  but  these  unions  are  simple  junctions  ot 
single  branches,  never  so  complex  as  to  be  worthy  of  the  name 
of  a  network  or  plexus,  such  as  those  seen  in  the  capillaries  or  in 
the  veins.  • 

The  walls  of  the  arteries  are  made  up  of  three  coats : — 

1.  An  external  XoM^  layer  of  white  fibrous  tissue,  which  gives 
strength  to  the  vessels,  restricts  their  elasticity  like  the  webbing 
in  the  wall  of  rubber  water  hose,  and  also  acts  as  a  bond  of  union 
between  them  and  the  neighboring  tissues.  This  coat  {tunica 
adventitial  carries  the  minute  vessels,  necessary  for  the  nutrition 
of  the  vessel  wall,  and  nerves. 

2.  The  middle  coat  {tunica  media)  forms  the  more  character- 
istic part  of  the  arterial  structure,  being  a  mixture  of  elastic  tissue 
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and  iinstriated  muscle.     It  is  much  thicker  in  the  arteries  than 
in  the  veins,  where  its  special  functions  are  not  required.     It 


(«)  The  =l»>lic  layer  of  ihe  iniima. 

(A  Middlt  cwit  conipoKd  of  muscle  libni  and  eli|>lic  tluue. 


diffeiB  somewhat   in   character  in  arteries  of  different  calibre, 
being  much  thicker  in  the  large  vessels.     This  change  occurs 
gradually  on  passing  along  the 
Fic.  lis.  diminishing   branches.     In   the 

large  arteries  and  the  arterioles 
the  middle  coat  differs  essen- 
tially both  in  simcture  and  in 
function,  and  in  each  class  of 
vessel  it  forms  the  most  import- 
ant part  for  the  due  perform- 
ance of  their  respective  func- 
tions. In  the  large  vessels  it  is 
.M  made  up  of  fibres  and  sheets  of 
ela.stic  tissue  woven  into  a  dense 
feltwork,  inter^per^d  with  a 
Fonion  ot  Snuii  Anerr  fnin  Subnucoui  few  musclc  Cells,    In  the  smallest 

riuuc  or  Mduk's  Stomach,  lulncd  oith 

(Old  chloride,  (howing  the  nuclei  of  the  artertcs  Of  arterioles,  on  the 
almuHi  the  nuei  u  "femi  ihe' middle  Other  hand,  the  great  mass  of  the 
™tie°«iter  mat'V)"  A™ind°ihe  veiiei  middle  coat  is  made  up  of 
worMN).'*  ""**  "  ""^  "  "*''  muscle  cells,  the  elastic  tissue 
being  but  sparsely  represented. 
Between  the  large  arteries  and  the  capillaries  every  grade  of 
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transition  may  be  found ;  the  elastic  tissue  gradually  becoming 
less  abundant  and  the  muscle  elements  relatively  more  numerous 
in  proportion  as  the  capillaries  are  approached. 

3.  The  internal  lining  {tunica  inlimd)  of  the  arteries  is  com- 
posed of  a  delicate,  elastic,  homogeneous  membrane  lined  with  a 
single  layer  of  endothelial  cells.  The  intima  may  be  said  to  be 
continuous  throughout  ail  the  vessels  and  the  heart  cavities. 

It  is  thus  seen  that  the  large  arteries  have  extremely  elastic 


Cipilluy  NelvDrk  ol  >  Lobuk  ol  the  Liver. 

and  firm  walls,  capable  of  sustaining  considerable  pressure. 
The  smaller  the  calibre  of  the  arteries  becomes  the  more  the 
general  property  of  elasticity  and  resiliency  is  reinforced  by 
that  of  vital  contractility  due  to  the  greater  relative  number  ol 
muscle  cells  contained  in  the  middle  coat. 

CAPILLARIES, 
The  frequently  branching  arterioles  finally  terminate  in  the 
capillaries,  in  which  distinct  branches  can  no  longer  be  recog 


286  MANUAL  OF  PHYSIOLOGY. 

nized,  but  the  thin  canals  are  interwoven  into  a  network  of  blood 
channels,  the  meshes  of  which  are  made  up  of  vessels,  all  of 
which  have  about  the  same  calibre.  They  communicate  indefi- 
nitely with  the  capillary  meshworks  of  the  neighboring  arte- 
rioles, so  that  any  given  capillary  area  appears  to  be  one 
continuous  network  of  tubules,  connected  here  and  there  with 
the  similar  networks  from  distinct  arterioles,  and  thus  any  given 
capillary  area  may  be  fed  with  blood  from  several  different 
sources.  The  walls  of  the  capillaries  are  composed  of  a  single 
layer  of  elongated  endothelial  cells  (possibly  lining  an  invisible 
membrane)  cemented  edge  to  edge  to  form  a  tube.     They  are 


Capillary  Neiwork  of  Fal  Ti«ue.    (A7««.) 

soft  and  elastic,  and  permeable  not  only  to  the  fluid  portion 
of  the  blood,  but  also,  under  certain  circumstances,  to  the  cor- 
puscles. 

It  is,  in  fact,  in  these  networks  that  the  essential  function  of 
the  circulation  is  carried  on,  viz.,  the  establishment  of  a  free 
interchange  between  the  tissues  and  the  blood. 

The  characters  of  the  capillary  network  vary  in  the  different 
tissues  and  organs;  the  closeness  and  wideness  of  the  meshes 
may  be  said  to  be  in  proportion  to  the  functional  activity  or 
inactivity  of  the  organ  or  tissue  in  question,  a  greater  amount  of 
blood  being  required  in  the  parts  where  energetic  duties  are 
performed. 
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VEINS. 

The  veins  arise  from  the  capillary  network,  commencing  as 
radicles  which  unite  in  a  way  corresponding  to  the  division  of 
the  arterioles,  but  they  form  wider  and  more  numerous  channels. 
They  rapidly  congregate  together  to  make  comparatively  large 
vessels,  which  frequently  intercommunicate  and  form  coarse  and 
irregular  plexuses.  The  general  arrangement  of  the  structures 
in  the  walls  of  the  veins  is  like  that  of  the  arteries ;  they  also 
have  three  coats,  the  external ^  middle  and  internal ;  the  tissues  of 
each  differing  but  little  from  those  of  the  arteries.  The  external 
coat  is  like  that  of  the  arteries,  but  is  not  quite  so  strong.  The 
middle  coat^  however,  in  the  large  veins,  is  easily  distinguished 
from  that  of  the  large  arteries  by  being  much  thinner,  owing  to 
the  paucity  of  yellow  elastic  tissue.  It  is  also  characterized  by 
its  relative  richness  in  muscle  fibre.  The  structure  of  the  middle 
coat  of  the  small  veins  can  be  distinguished  from  that  of  the 
arterioles  by  the  comparative  sparseness  of  the  muscle  cells  run- 
ning around  the  tubes.  The  inner  coat  of  the  veins  is  practically 
the  same  as  that  of  the  arteries. 

The  veins  are  capable  of  considerable  distention,  but,  though 
possessed  of  a  certain  degree  of  elasticity,  they  are  much  inferior 
to  the  arteries  in  resiliency. 

In  a  large  proportion  of  veins,  valve-like  folds  of  their  lining  coat 
exist,  which  prevent  the  backward  flow  of  blood  to  the  capillaries 
and  insure  its  passage  toward  the  heart.  These  valves  resemble 
in  their  general  plan  the  pocket  valves  that  protect  the  great 
arterial  orifices  of  the  heart.  They  vary  much  in  arrangement, 
there  being  commonly  two  or  sometimes  only  one  flap  or  pocket 
entering  into  the  formation  of  the  valve.  They  are  closely  set 
in  the  long  veins  of  the  extremities,  in  which  the  blood  current 
has  to  move  against  the  force  of  gravity. 

AGGREGATE  SECTIONAL  AREA  OF  THE  VESSELS. 

The  general  aggregate  diameter  of  the  different  parts  of  the 
vascular  system  varies  greatly.  The  combined  calibre  of  the 
branches  of  an  artery  exceeds  that  of  the  parent  trunk,  so  that 
the  aggregate  sectional  area  of  the  arterial  tree  increases  as  one 
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proceeds  from  the  aorta  toward  the  capillaries.  After  the 
muscular  arterioles  are  passed  the  general  diameter  of  the 
vascular  system  suddenly  increases  immensely,  and  in  the  capil- 
laries it  reaches  its  maximum,  the  aggregate  sectional  area  of 
which  is  said  to  be  several  (5  to  8)  hundred  times  as  great  as  that 
of  the  aorta. 

The  aggregate  sectional  area  of  the  zv/ni  diminishes  as  the  tribu- 
taries unite  to  form  main  trunks,  and  reaches  its  minimum  at  the 
entrance  of  the  vena  cava  into  the  right  auricle. 


(A)  Aoru.  (Q  Capillado. 

luTcne  iKcanunmeiil  of  ihc  shadol  part  in 


The  capacity  of  the  veins  is,  however,  everywhere  much  greater 
than  that  of  the  corresponding  arteries,  the  least  difference  being 
near  the  heart,  where  the  calibre  of  the  venae  cavse  is  more  than 
twice  that  of  the  aorta. 

After  this  brief  anatomical  sketch,  the  most  important  proper- 
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ties  of  each  part  of  the  vascular   system  may  be   summarized 
thus : — 

1.  The  structure  of  the  walls  of  the  large  arteries  shows  them 

to  be  capable  of  sustaining  considerable  pressure,  and  of 
exerting  powerful  and  continuous  elastic  recoil  on  the 
blood. 

2.  In  the  small  arteries,  as  well  as  this  elasticity,  frequent 

variation  in  their  calibre  occurs,  dependent  on  the  con- 
traction of  their  muscular  coat  which  regulates  the 
blood  flow. 

3.  In  the  capillaries  we  find  extreme  thinness,  elasticity,  and 

permeability  of  their  wall,  which  presents  an  immense 
surface,  so  as  to  allow  free  interchange  between  the 
blood  and  the  surrounding  textures. 

4.  The  veins  have  yielding  and  distensible  walls,  capacity  to 

accommodate  a  large  quantity  of  blood,  and  valves  to 
prevent  its  backward  flow  upon  the  capillaries. 

5.  The  aggregate  sectional  area  of  the  systemic  capillaries  is 

about  three  hundred  times  that  of  the  great  veins,  and 
seven  hundred  times  that  of  the  aorta,  so  that  the 
current  of  the  blood  must  be  proportionately  slower  in 
the  capillary  network. 

PHYSICAL  FORCES  OF  THE  CIRCULATION. 

A  liquid  flows  through  a  tube  as  the  result  of  a  difference  of 
pressure  in  the  different  parts  of  the  tube.  The  liquid  moves 
from  the  part  where  the  pressure  is  higher  toward  that  where 
it  is  lower,  except  where  sudden  and  great  variations  of  calibre 
occur.* 

The  energy  of  the  flow  corresponds  with  the  amount  of  differ- 
ence in  the  pressure,  and  varies  in  proportion  to  it,  being  con- 


*  Although  in  the  whole  course  of  any  system  of  tubes  the  flow  of  liquid  must  take 
place  from  the  part  of  higher  to  that  of  lower  pressure,  yet  if  a  narrow  tube  open  abruptly 
into  one  the  diameter  of  which  for  a  short  length  is  much  greater,  the  diminution  of  velocity 
in  the  wide  tube  may  cause  the  local  pressure  in  it  to  exceed  that  in  the  narrower  tube  im- 
mediately preceding :  so  that  the  liquid  would  be  actually  flowing,  for  a  short  distance,  from 
a  point  of  lower  to  a  point  of  higher  pressure. 
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Fig  139. 


Dia 


tinuous  SO  long  as  the  pressure  is  unequal  in  different  parts,  and 
ceasing  when  it  is  equalized  throughout  the  tube. 

If  liquid  be  forcibly  pumped  into  one  extremity  of  a  long  tube, 
such  as  a  garden  hose,  a  pressure  difference  is  established,  the 

pressure  becoming  greater  at  the 
end  into  which  the  liquid  is 
pumped,  a  current  consequently 
takes  place  toward  the  open  end. 
So  long  as  the  free  or  distal  end 
of  the  tube  is  quite  open  and  on 
^the  same  level  as  the  rest,  no 
very  great  pressure  can  be 
brought  to  bear  on  the  walls  ot 
iaeram  01  CircuUtion,  showing  right  the  tube,  no  matter  how  forciblv 

(R  H)  and  left  (L  H)  hearts,  and  the  pul-  '  ^ 

monary  (P)    and    systemic    (S)    sets   of    the   pumping    may  gO    On,  aS  the 

liquid  easily  escapes,  and  there- 
fore flows  the  more  quickly  as  the  pumping  becomes  more  ener- 
getic. If,  however,  the  outflow  be  impeded  by  raising  the  distal 
end  of  the  tube  to  any  considerable  height,  or  by  partially  clos- 
ing the  orifice  with  a  nozzle  or  rose,  then  the  pressure  within  the 
tube  can  be  greatly  increased  by  energetic  pumping,  and  the 
tube  being  elastic  will  be  distended. 

It  can  be  further  observed  in  this  common  operation  that  the 
smaller  the  orifice  of  the  nozzle  the  greater  the  pressure  in  the  tube 
with  a  given  rate  of  working  the  pump ;  and,  the  orifice  remain- 
ing the  same,  the  pressure  will  increase  in  proportion  as  the  pump 
is  more  energetically  worked.  Or  in  other  words,  the  pressure 
within  the  tube  will  depend  on  {a)  the  energy  used  at  the  pump, 
and  {p)  the  degree  of  impediment  offered  to  the  outflow. 

If  the  tube  be  resilient,  and  the  nozzle  have  a  small  orifice  so 
that  a  high  pressure  can  be  established  within  the  tube,  it  will 
be  found  that  the  liquid  will  flow  from  the  nozzle  in  a  continuous 
stream,  and  will  not  follow  the  jerks  communicated  by  the  pump. 
That  is  to  say,  the  interrupted  energy  of  the  pump  is  stored  up 
by  the  elastic  tube  and  converted  into  a  continuous  pressure 
exerted  on  the  fluid.  But  if  the  tube  be  quite  rigid,  or  the  ori- 
fice too  wide  to  allow  the  pressure  within  the  tube  to  be  raised 
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sufficiently  high,  then  the  fluid  will  flow  out  of  the  end  of  the 
tube  in  jets  which  correspond  with  the  strokes  of  the  pump  ;  /.  ^., 
the  outflow  will  follow  closely  the  pressure  difference  caused  by 
the  pump  at  the  point  of  inflow. 

These  simple  facts,  which  can  be  verified  experimentally  with 
an  ordinary  enema  bag,  a  yard  of  elastic  tubing,  and  a  short 
glass  tube  drawn  to  a  point,  form  the  key  to  the  most  important 
dynamic  principles  of  the  circulation. 

BLOOD  PRESSURE. 

The  cause  of  the  blood's  motion  is  simply  a  difference  in  the 
pressure  within  the  various  parts  of  the  vascular  system,  for  the 
heart  acts  as  the  pump  filling  the  tube  represented  by  the  large 
elastic  arteries,  which  can  be  more  or  less  distended,  according 
as  (i)  the  outflow  is  impeded  or  facilitated  by  the  contraction  or 
relaxation  of  the  muscular  arterioles  which  form  the  outlet,  or 
as  (2)  the  inflow  is  increased  or  diminished  by  the  greater  or  less 
activity  of  the  heart's  action. 

From  the  foregoing  facts,  and  what  has  been  said  of  the  direc- 
tion of  the  blood  current,  namely,  that  it  flows  from  the  arteries 
through  the  capillaries  into  the  veins,  it  would  appear  that  the 
pressure  in  the  arteries  exceeds  that  in  the  capillaries,  and  that 
in  the  capillaries  must  in  turn  be  greater  than  that  in  the  veins, 
the  blood  flowing  in  the  direction  in  which  the  pressure  becomes 
less. 

The  different  manner  in  which  blood  flows  from  a  cut  artery 
and  a  cut  vein  shows  that  a  great  difference  exists  in  the  pressure 
within  the  two  sets  of  vessels. 

When  a  small  artery  is  cut  and  the  orifice  directed  upward  the 
blood  spurts  out  two  or  three  feet,  in  jerks.  When  a  vein  is  cut, 
the  blood  only  trickles  gently  from  the  orifice,  the  force  of  the 
flow  depending  much  upon  the  position  of  the  part.  It  is  well 
to  remember  that  bleeding  from  a  vein  in  the  leg  or  arm  can  be 
stopped  by  placing  the  limb  in  a  position  more  elevated  than  the 
rest  of  the  body,  so  as  to  prevent  the  force  of  gravity  from  acting 
on  the  blood. 

By  means  of  a  special  form  of  gauge  (the  mercurial  manome- 
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ter), — which  will  presently  be  described — the  exact  difference 
in  the  pressure  exerted  by  the  blood  against  the  vessel  walls  in 
the  different  parts  of  the  circulation  can  be  accurately  estimated, 
and  it  has  been  found  by  direct  experiment  that  the  pressure 
varies,  just  as  one  would  be  led  to  expect  from  a  consideration  of 
its  physical  relationships,  namely,  with  the  direction  and  rate  of 
the  current  and  the  varying  width  of  the  bed  in  which  it  flows. 

The  fall  in  pressure  observed  in  the  vessels  when  passing  from 
the  left  ventricle  to  the  right  auricle  is  not  even.  In  the 
arterioles  it  falls  suddenly,  and  a  great  difference  always  exists 
between  the  arterial  and  venous  pressure  (p.  299).  It  is  on 
account  of  the  permanent  high  pressure  in  the  arteries  and  com- 
paratively low  pressure  in  the  capillaries  and  veins,  that  there 
is  a  continuous  and  permanent  flow  through  the  capillaries  from 
arteries  to  veins. 

Sustentation  of  the  Arterial  Blood  Pressure. — ^The  fundamental 
problem  that  must  be  clearly  understood  in  studying  the 
dynamics  of  the  circulation  is  how  the  high  pressure  in  the 
arteries  is  kept  up,  or,  in  other  words,  how  the  arteries  can  exert 
so  much  pressure  on  the  blood  when  the  capillary  outflow  is  so 
wide  and  free. 

From  the  description  already  given  of  the  action  of  the  heart, 
it  appears  that  each  beat  of  the  ventricle  pumps  some  six  ounces 
of  blood  into  the  aorta.  Though  coming  to  the  left  ventricle 
from  the  pulmonary  circulation,  the  blood  may,  on  account  of 
the  exact  cooperation  of  the  two  sides  of  the  heart,  be  regarded 
as  being  pumped  out  of  the  systemic  veins.  Thus,  as  far  as  the 
general  consideration  of  the  physical  forces  is  concerned,  the  pul- 
monary circulation  may  be  left  out  of  the  question.  This  pump- 
ing occurs  some  seventy  times  a  minute,  so  that  a  great  quantity 
of  blood  is  removed  from  the  veins  and  forcedonto  the  arteries. 
The  ventricles  in  filling  the  arteries  have  to  work  against  consid- 
erable pressure,  and  may  be  said  to  pump  up  the  blood  from  the 
low-pressure  veins  into  the  high-pressure  arteries,  and  the  result 
of  this  work  is  the  different  pressure  in  the  two  sets  of  vessels. 
During  the  contraction  of  the  heart  the  ventricular  pressure 
exceeds  that  of  the  aorta,  while  during  the  diastole  it  falls  to  that 
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of  the  auricle  or  even  of  the  great  veins.  The  heart  then  is  the 
most  essential  agent  in  keeping  the  arteries  stretched  and  over- 
filled, and  in  emptying  the  veins. 

The  second  important  factor  in  enabling  the  high  arterial 
blood  pressure  to  be  kept  up,  is  the  resiliency  of  the  middle  coat  of 
the  arteries.  It  is  only  on  account  of  the  great  elasticity  of  their 
arterial  walls,  that  these  vessels  are  capable  of  being  so  overfilled, 
and  because  of  the  perfect  resiliency  of  the  elastic  coat,  that  they 
are  able  to  exert  such  powerful  pressure  on  the  blood  for  such  an 
unlimited  time.  If  the  arteries  were  rigid  tubes,  to  distend  them 
with  a  fluid,  itself  inelastic,  would  of  course  be  out  of  the  ques- 
tion ;  the  outflow  from  the  distal  extremity  would  only  take  place 
when  the  additional  charge  of  blood  was  injected  by  the  heart. 

With  each  contraction  the  ventricle  overcomes  arterial  pressure, 
and  further  stretches  the  elastic  artery.  The  act  of  injecting  the 
blood  into  the  aorta  only  occupies  about  one-quarter  of  each 
heart  beat.  The  semilunar  valves  bear  the  pressure  of  the  blood 
in  the  aorta  for  the  rest  of  the  time.  The  whole  force  of  the 
ventricle  is  therefore  used  up  in  causing  arterial  distention. 
During  the  greater  part  of  the  heart's  cycle,  the  arteries  are 
closed  at  their  cardiac  end  by  the  aortic  valves,  and  o[)en  at  their 
distal  end  to  the  capillaries. 

As  the  result  of  this,  the  blood  flows  constantly  out  of  the  dis- 
tended arteries,  through  the  capillaries,  into  the  veins,  and  tends 
to  equalize  the  pressure  in  the  veins  and  arteries. 

But  why  does  not  this  constant  outflow  allow  the  pressure  in 
the  arteries  to  fall  to  the  level  of  that  in  the  veins  ?  Or,  in  other 
words,  what  is  the  impediment  offered  to  the  escape  of  the  blood 
that  thus  keep  the  arteries  distended  ?  If  the  arteries  and 
veins  were  a  set  of  continuous  wide  tubes  of  similar  construction 
and  capacity  throughout,  it  would  be  impossible  for  the  heart  to 
empty  the  veins,  overfill  the  arteries,  and  establish  the  great 
pressure  difference  that  normally  exists.  Therefore  some  resist- 
ance equal  to  the  pressure  must  be  offered  to  the  flow  of  the 
blood  from  the  arteries  into  the  veins. 

This  resistance  is  made  up  of  several  items,  of  which  one  alone, 
namely,  the  vital  contraction  of  the  arterioles,  is  sufficient  to  keep 
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Up  the  arterial  pressure.  No  doubt  the  great  increase  of  surfate 
over  which  the  blood  has  to  move  in  the  capillaries,  and  the 
pressure  exercised  upon  them  by  the  surroutuiing  elastic  tissues, 
have  influence  in  impeding  the  emptying  of  the  arteries.  But 
the  contractility  of  the  arterioles  is  the  most  important  item,  as 
may  be  seen  from  the  following  consideration.  The  resistance 
offered  by  the  capillaries  is  insignilicaiit  when  compared  with  the 
arterial  blood  pressure,  for  the  increase  of  friction  accompanying 
their  greater  extent  of  surface  is  counterbalanced  by  the  decrease 
of  friction  dependent  upon  the  great  to/a/ capacity  of  the  capil- 
laries in   comparison  with  that  of   the  small  arteries.      The 


.    (Recording  surface 


capillary  resistance  alone  is  therefore  not  sufficient  to  n 
blood  from  rushing  into  the  veins.  This  is  seen  when  the  arteri- 
oles are  paralyzed  by  the  destruction  of  the  nervous  mechanism 
controlling  them  ;  the  blood  then  flows  readily  through  the 
capillary  network,  the  veins  become  engorged,  the  arterial  blood 
pressure  falls,  and  the  circulation  comes  lo  a  standstill,  in  spite 
of  the  heart's  more  rapid  beats.  We  know  that  beyond  the  arteri- 
oles the  pressure  falls  suddenly,  and  in  the  capillary  network  it 
is  always  very  low. 

The  four  great  factors  in  keeping  up  the  arterial  blood  pres- 
sure may  be  thus  enumerated:    i,  the  heart   beat;    2,  perfect 
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aortic  valves  ;  3,  the  elastic  resiliency  of  the  large  arteries;  4, 
the  resistance  offered  by  the  contraction  of  the  muscular  arteri- 
oles. 

Heart  Btat. — If  any  factor  fail,  the  mechanism  of  the  circula- 
tion is  at  once  impaired.  For  example,  the  heart's  beat  may  be 
stopped  by  the  stimulation  of  the  inhibitory  nerve  fibres  of  the 


vagus,  in  which  case  the  blood  pressure  rapidly  falls,  as  shown 
by  the  curve  taken  by  the  graphic  method.  Or  weakness  of  the 
heart  beat  may  arise  from  disease  {fatty  degeneration)  of  the 
muscle,  when  signs  of  low  arterial  tension  can  l>e  recognized  in 
the  human  subject. 

Valves. — Any  insufficiency  of  the  aortic  valves  that  permits 
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the  blood  to  flow  hackward  into  the  ventricle,  allows  the  arterial 
pressure  to  fall  between  each  ventricular  systole,  and  gives  rise 
to  the  characteristic  "  pulse  of  unfilled  arteries,"  as  it  is  called 
by  the  phj-sician. 

Etasiicily  of  Arteries. — The  resiliency  of  the  arterial  coats  may 
also  be  destroyed  to  a  certain  extent  by  degeneration  of  the 
tissue,  in  which  case  the  large  arteries  become  greatly  distended, 
and  unable  to  exert  their  normal  steady  pressure  on  the  blood. 


The  ordinary  modtm  form  of  rouling  blukend  cylinder  (R).  whkh  n  msved  by  dock- 
nurk  in  the  box  (Al  by  inc:>ii<  of  ihe  dlic  (D)  pmiipi  upon  the  wheel  {■).  which  on  he 

mon  or  loo  nor  the  centre,  (ndthutroule  El  different  ratei.    The  cylinder  can  be  railed 
by  the  screw  (n),  which  a  lurried  hy  Ihe  handle  (UJ.     IHlrmaxx.) 

Contractile  Arterioles. — Injuries  of  the  nervous  centres  are  often 
associated  with  t'a>'al>-sis  of  the  muscular  arterioles  and  fall  of 
bluod  pressure  :  but  the  effect  u[>on  the  blood  pressure  of  dilata- 
tion of  the  small  arteries  <an  \ye  l>esl  seen  by  ex|ierimenling  on 
the  nerves  ihat  control  their  coniraclion.  Ifiiaralysis  or  inhibi- 
tion of  the  vasomotor  mechanisms  be  ex  jjeri  men  tally  produced, 
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the  result  on  the  arterial  pressure  is  the  same,  a  sudden  fall, 
which  may  reach  that  of  the  atmosphere.  The  chief  opposition 
to  the  outflow  of  blood  from  the  arteries  being  removed,  they 
cease  to  be  tense,  even  though  the  ventricle  continue  to  beat  and 
pump  the  blood  into  them. 

MEASUREMENT  OF  THE  BLOOD  PRESSURE. 

The  first  attempt  at  direct  measurement  of  blood  pressure  was 
made  by  the  Rev.  Stephen  Hales  about  the  middle  of  the  last- 
century,  who,  wishing  to  compare  the  motion  of  fluids  in  animals 
with  that  in  plants,  connected  a  tube  with  an  artery  of  a  living 
animal,  and  found  that  the  blood  was  ejected  with  considerable 
force,  and  that  when  the  artery  of  a  horse  was  brought  into  union 
with  a  long  upright  tube,  the  blood  reached  a  height  of  about 
three  yards. 

The  column  of  blood  is  not  now  used  as  a  measure,  because  so 
much  blood  leaving  the  vessels  tends  to  empty  them  and  to 
reduce  the  pressure  in  the  arteries;  besides,  the  coagulation  of 
the  blood  soon  stops  the  experiment.  We  now  employ  the  mer- 
curial manometer,  which  consists  of  a  column  of  mercury  in  a 
U-shaped  tube.  To  prevent  coagulation,  the  tube  between  the 
mercury  and  blood  is  filled  with  a  solution  of  sodium  carbonate, 
the  pressure  being  regulated  to  equalize  as  nearly  as  possible  that 
of  the  blood.  A  rod  is  made  to  float  upon  the  mercury,  in  the 
open  side  of  the  tube,  and  to  the  upper  extremity  of  this  a  writing 
apparatus  can  be  attached,  so  that  by  the  movements  of  the  mer- 
cury, a  graphic  record  of  the  blood  pressure  and  its  variation 
can  be  traced  on  a  regularly  moving  surface.  This  instnmient, 
known  as  Ludwig's  Kymograph,  is  that  used  in  all  ordinary 
measurements  and  experiments  on  blood  pressure. 

In  order  to  overcome  the  inertia  of  the  mercurial  column, 
another  manometer  has  been  devised,  which  will  be  mentioned 
in  speaking  of  the  character  of  the  curve  (p.  302).  When  an 
exj^eriment  of  long  duration  has  to  be  made,  a  recorder  with  a 
rolled  strip  of  paper  can  be  employed  (Fig.  133). 

The  modern  accurate  methods  of  research  have  taught  us  the 
differences  in  pressure  that  exist  in  the  various  parts  of  the 
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vascular  system.  However,  direct  measurement  can  only  be 
accomplished  in  vessels  of  such  a  size  as  to  admit  a  cannula, 
hence  the  pressure  in  the  capillaries  in  the  very  minute  arteries 
and  veins  can  only  indirectly  be  estimated.  The  pressure  in  all 
parts  of  the  vascular  system  is  subject  to  frequent  variations  to 
be  presently  mentioned,  but  this  table  may  be  useful  in  giving  a 


Fig.  X33. 


Ludwig's  Kymograph  with  continuous  paper. 

The  instrument  consists  of  an  iron  table,  above  which  the  recording  surfiice  is  slowly 
Jdrawn  past  the  writing  points  from  an  endless  roll  of  paper  on  the  left  by  the  motion  ot 
the  cylinder  (C),  and  rolled  up  on  a  spindle  next  the  driring-wheel  on  the  right.  The 
mercurial  manometers  are  so  fixed  on  (D)  that  the  open  ends  come  in  front  of  the  firm 
roller  upon  which  the  paper  rests.  The  writing  style  can  be  seen  rising  from  these  tubes 
while  the  other  limbt  of  the  manometers  lead  through  the  stop-cocks  to  the  tubes  which 
are  in  communication  with  the  blood  vessels.  The  time  is  recorded  by  means  of  a  pen 
attached  to  the  electro-magnet  (MK  which  by  a  *'  breaking "  clock  is  demagnetized 
every  second.  The  moment  at  whicn  a  stimulus  is  applied  is  marked  on  the  sero  line  by 
a  key  to  which  another  pen  is  attached  near  the  time  marker. 

general  idea  of  the  average  permanent  differences  that  exist  in 
the  different  vessels  of  large  animals  and  man. 


Large  arteries  f  Carotid,  Horse)  -f  160  mm.,  mercury. 
Medium    "        (Brachial,  Man)  4- 120  mm., 
Capillaries  of  Finger  -f-    3^  mn^i 

Small  Veins  of  Arm  -|-     9  mm., 


(( 


<i 


I.parge  Vein  of  Neck 


—  I  to  —  3  mm.. 


i( 
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If  the  different  parts  of  the  circuiation  be  represented  on  the 
base  line  h.  a.  c.  v.,  these  letters  corresponding  to  heart,  arteries, 
capillaries,  and  veins  respectively,  and  if  the  height  of  the  blood 
pressure  be  represented  on  the  vertical  line  in  mm.  Hg.,  the 
curve  h,  a,  c,  v,  would  give  about  the  relative  pressure  in  the 
various  parts  of  the  circulation.  This  shows  that  in  the  receiv- 
ing chamber  of  the  heart  the  pressure  is  negative,  while  the 
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ventricular  pump  drives  it  to  the  height  of  the  arterial  pressure 
160  mm.  Hg.  In  the  arteries  the  pressure  is  everywhere  high, 
while  just  before  the  blood  reaches  the  capillaries  a  sudden  fall 
occurs.  The  variation  after  this  is  merely  a  gentle  descent  until 
the  large  venous  trunks  are  reached,  where  the  blood  pressure  is 
below  zero,  /.  e.,  below  the  pressure  of  the  atmosphere. 

From  a  purely  physical  point  of  view  the  ventricle  may  be 
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regarded  as  pumping  the  blood  up  to  an  elevated  high-pressure 
reservoir  of  small  capacity  (the  arteries),  from  which  it  rapidly 
falls  by  numerous  outlets  into  an  expansive,  low-lying  irrigation 
basin  (the  wide  capillaries),  while  it  slowly  trickles  back  to  the 
well  (the  auricle),  which  lies  below  the  surface  pressure. 
From  this  diagram  the  following  i)oints  can  be  gathered : — 

1.  The  great  difference  between  the  pressure  on  the  arterial 

and  venous  sides  of  the  circulation. 

2.  The  comparatively  slight  difference  in  pressure  in  the 

different  parts  of  the  arterial  or  of  the  venous  systems 
respectively. 

3.  The  suddenness  of  the  fall  in  the  pressure  between  the 

small  arteries  and   the   capillaries,   where   the    great 
resistance  to  the  outflow  is  met  with. 

4.  In  the  large  veins  the  pressure  of  the  blood  is  habitually 

below  that  of  the  atmosphere,  only  becoming  positive 
during  forced  expirations. 

VARIATIONS  IN  THE  BLOOD  PRESSURE. 

If  the  blood  pressure  be  recorded  with  Ludwig's  Kymograph, 
a  tracing  will  be  obtained  which  shows  that  the  pressure  under- 
goes periodic  elevations  and  depressions  of  two  different  kinds. 
The  smaller  oscillations  are  found  to  correspond  with  the  heart 
beat,  the  larger  waves  have  the  same  rhythm  as  the  respiratory 
movements,  and  the  average  elevation  of  the  mercurial  column 
is  spoken  of  as  the  mean  pressure.  In  the  large  arteries  of  the 
warm-blooded  animals  this  mean  pressure  varies  with  the  size  of 
the  animal  from  90  mm.,  mercury,  to  more  than  200  mm.  In 
cold-blooded  animals  it  is  comparatively  low,  from  22  mm.  in 
the  frog  (Volkmann)  to  84  mm.  in  a  large  fi.sh. 

The  general  mean  pressure  in  the  arteries  is  increased  by  (i), 
increased  action  of  the  heart ;  (2),  increased  contraction  of  the 
muscular  coat  of  the  arteries ;  (3),  sudden  increase  in  the  quantity 
of  blood.  When  the  change  is  gradual,  the  vessels  adapt  them- 
selves to  the  increase. 

The  opposite  of  these  conditions  may  be  said  to  have  a  contrary 
effect. 
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The  character  of  the  change  in  pressure  which  accompanies 
the  heart's  systole  is  not  shown  exactly  in  the  tracing  obtained  by 
the  mercurial  manometer,  owing  to  the  sluggishness  of  the  move- 
ment of  the  mercurial  column,  which,  as  it  were,  rubs  off  the 
apices  of  the  curves.  But  with  the  spring  manometer  ol  Fick, 
the  details  of  these  oscillations  are  marked.  They  are  of  course 
synchronous  with  the  arterial  pulse,  and  follow  the  variations  of 


lar)[c  napintory  w»v«a  aod  aiuhLL  wavo  of  heart  impulK.    A  luile  Ia  inuoduccd  ro  show 
heigbt  of  prcuun. 

tension,  as  will  be  described  when  treating  of  that  subject.    (See 
Figs.  136  and  137.) 

INFLUENCE  OF  RESPIRATION  ON  BLOOD  PRESSURE. 

The  explanation  of  the  respiratory  undulations  in  the  tracing 

of  the  blood  pressure  is  difficult.     Though  many  causes  have 

been  assigned,  no  single  one  appears  to  explain  adequately  all  the 
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changes  that  may  occur  in  this  phenomenon.     At  first  sight  the 
respiratory  movements  and  consequent  pressure  changes  within 


A  hallow  C-(liapcd  iprini  (A),  nHilc  oT  utninely  thin  mttal,  \t  Gacd  at  (iS\.  when  lu 
oyity  communioKi  wrUi  ihe  tube  (K).    The  lop  oT  ih(  C  li  connected  at  (*)  with  ih< 

the  thorax  would  seem  to  give  a  simple  meckantcai  explanaiion  oi 
the  variation  in  pressure.  But  if  the 
'''"•  '3^■  change  occurring  in  the  intra-thoracic 

pressure  be  examined  carefully,  it  will 
be  found  not  to  correspond  exactly 
with  the  so-called  respiratory  wave  of 
the  pressure  curve  in  the  arterial 
system. 

'^'"l"!fh  netTinJn^eSr.'"'"  The  amount  OI  pressure  exercised 
on   the   pericardial   contents  by   the 

lungs  varies   with    the    respiratory    movements.     It    is   slightly 
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decreased  during  inspiration  and  increased  during  expiration. 
The  differences  thus  produced,  however,  are  during  ordinary 
respiration  very  slight  (probably  i  mm.,  mercury).  So  slight  a 
variation  as  i  mm.,  mercury,  cannot,  by  direct  action  on  the 
aortic  arch,  cause  the  change  of  several  millimetres  which  we  see 
in  the  respiratory  undulation  in  the  arterial  pressure.  We  must, 
therefore,  seek  the  explanation  in  the  changes  it  causes  in  the 
great  veins. 

Owing  to  the  lungs  being  very  elastic  and  constantly  lending 
to  shrink  away  from  the  costal  pleura,  the  pressure  in  the  pleural 
cavity  is  less  than  that  of  the  atmosphere  which  distends  the 

rra.  i]8. 


lungs,  ('.<.,  the  pleural  pressure  \5  negative.  All  the  viscera  in 
the  thoracic  cavity  are  habitually  under  the  influence  of  the 
negative  pressure.  Thus  the  elastic  lungs  exert  a  kind  of  trac- 
tion on  the  pericardium,  and  tend  to  cause  a  negative  pressure 
within  the  heart  and  great  systemic  vessels,  both  arteries  and 
veins.  The  influence  is  more  felt  by  the  thin-walled  venie  cavae 
in  which  the  blood  pressure  is  low  than  in  the  thick-walled  arte- 
ries where  it  is  high. 

The  flow  of  blood  into  the  left  auricle  from  the  pulmonary 
vessels  is  not  influenced  by  the  negative  pressure,  as  pressure  of 
the  atmosphere  cannot  reach  them. 
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It  has  been  suggested  that  \>y  facilitating  the  flow  into  the  thorax 
from  the  great  veins,  the  amount  of  blood  entering  the  right 
auricle  during  inspiration  may  be  increased,  and  thus  the  left 
ventricles  may  be  better  filled  and  made  to  beat  more  actively, 
so  as  to  cause  an  elevation  in  the  arterial  pressure. 

The  sequence  of  events  may  be  read  as  follows.  During  inspi- 
ration the  negative  pressure  on  the  right  heai^t  is  increased ; 
the  atmospheric  pressure  acting  on  the  tributaries  of  the  superior 
vena  cava  is  unchanged,  while  the  pressure  in  the  abdominal 
cavity  is  increased,  and  the  inferior  vena  cava  compressed  by  the 
muscular  action.  The  blood  thus  flows  more  readily  into  the 
right  heart,  and  consequently  the  lungs  receive  a  larger  supply 
of  blood  during  this  period.  In  expiration,  on  the  other  hand, 
the  intra-thoracic  pressure  becomes  less  negative,  the  compression 
of  the  abdominal  viscera  is  relieved,  and  the  flow  into  the  auricle 
loses  somewhat  in  force. 

But  this  view  appears  to  leave  the  pulmonary  circulation  out 
of  the  question  in  a  way  hardly  justifiable,  since  the  lungs  must 
be  traversed  by  the  blood  before  the  increased  inspiratory  inflow 
to  the  right  auricle  can  aflect  the  left  ventricle  or  the  systemic 
arteries. 

It  must  be  carefully  borne  in  mind  that  the  left  side  of  the 
heart  works  under  different  conditions,  for  the  variations  of  pres- 
sure affect  both  the  pulmonary  veins  and  the  left  auricle  simi- 
larly, since  they  are  both  included  in  the  thoracic  cavity,  and  are 
both  subjected  to  a  slightly  varying  negative  pressure.  The  aid 
given  to  the  flow  into  the  right  heart  by  the  low  intra-thoracic 
pressure  is  quite  absent  on  the  left  side,  as  the  inflow  is  not 
assisted  by  atmospheric  pressure ;  so  that  the  thoracic  movements 
do  not  exert  any  influence  on  the  flow  of  blood  from  the  pul- 
monary veins  to  the  systemic  arteries.  While  inspiration  is 
taking  place,  the  lungs  receive  a  larger  supply  of  blood.  From 
the  relatively  small  amount  of  blood  in  these  organs  it  is  pro- 
bable that  this  slight  excess  has  little  or  no  influence  on  the 
amount  entering  the  left  side  of  the  heart.  The  left  ventricle 
may  receive  an  amount  of  blood  during  expiration  slightly  in 
excess  of  that  which  it  receives  during  inspiration.     This  can 
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have  but  little  direct  effect  on  the  pressure  in  the  great  arterial 
trunks. 

It  is  more  than  probable  that  excess  of  blood  in  the  heart 
cavities  does  not  mechanically  influence  the  beat  or  the  blood 
pressure,  but  rather  acts  as  a  nervous  stimulus,  and  excites  the 
inhibitory  centre  of  the  heart  and  the  depressor  centres  which 
control  the  arterioles. 

The  rejection  of  this  indirect  mechanical  explanation  appears 
necessary  from  the  following  facts  : — 

1.  The  rise  in  pressure  is  not  exactly  synchronous  with 

expiration  or  inspiration. 

2.  The   heart   beats  more  slowly  during   expiration   than 

inspiration. 

3.  This  difference  at  once  disappears  if  the  vagi  be  cut  and 

the  respiratory  wave  becomes  greatly  modified. 

4.  Variations   in    the   pressure   like   the   respiratory   wave 

occur  after  the  respiratory  movements  have  quite 
ceased. 

5.  The  respiratory  wave  is  observed  when  artificial  respira- 

tion is  employed,  in  which  the  forcing  of  air  into  the 
lungs  is  the  cause^  and  not  the  result  of  the  thoracic 
movements,  so  that  the  pressure  effects  are  reversed. 

We  may  conclude  that  a  sympathy  in  action  can  be  recognized 
in  the  working  of  the  respiratory,  vascular  and  cardiac  nerve 
mechanisms. 

The  undulations  known  as  Traube's  Curves  occurring  in  cura- 
rized  animals  when  no  respiratory  movements  are  performed, 
have  been  explained  by  referring  them  to  a  stimulation  by 
impure  blood  of  the  vasomotor  centre,  which  by  rhythmical 
impulses  increases  the  contraction  of  the  arterioles  and  causes  a 
rhythmical  variation  in  the  blood  pressure.  This  explanation 
when  applied  to  the  respiratory  waves  seems  to  ht  rendered 
unsatisfactory  by  the  fact  that  these  undulations  go  on  even 
when  the  arterioles  are  cut  off  from  their  chief  nerve  centres  by 
sections  of  the  spinal  cord.  So  that  if  these  undulations  are  to 
be  referred  to  nerve  mechanism  we  are  ignorant  of  the  course 
26 
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taken  by  the  nerve  impulses,  for  any  rhythmical  sympathy 
existing  between  the  respiratory  and  vasomotor  nerve  centres  in 
the  medulla  cannot  well  influence  the  vessels  when  the  cord  is 
cut. 

Thus  we  seem  forced  to  fall  back  upon  the  muscular  coats  of 
the  arteries  for  an  explanation  of  the  respiratory  variation  in 
the  blood  pressure,  and  to  accord  to  this  tissue  automatic  rhyth- 
mical contractility. 

The  blood  pressure  in  the  capillaries  cannot  be  directly  measured 
by  the  means  above  described ;  it  is  difficult  to  estimate,  and 
very  variable.  The  slightest  change  of  pressure  in  the  corre- 
sponding veins  or  arteries  causes  the  pressure  in  the  capillaries 
to  rise  or  fall.  Thus,  variations  in  pressure  are  constantly 
occurring  in  the  capillaries,  which  cause  an  alteration  in  the 
rate  of  flow,  or  even  a  retrograde  stream  in  some  parts  of  the 
network. 

The  regulation  of  the  blood  supply,  and,  therefore,  of  the  pres- 
sure in  the  capillaries,  is  under  the  control  of  the  small  arterioles 
which  supply  them ;  a  slight  relaxation  of  the  muscle  of  the 
arterioles  causes  great  increase  in  the  amount  of  blood  flowing 
through  the  capillaries,  as  can  readily  be  seen  with  the  micro- 
scope. 

The  blood  pressure  in  the  veins  must  be  less  than  that  in  the 
capillaries,  and,  as  has  been  said,  must  diminish  as  the  heart  is 
approached,  where  in  the  great  veins  (superior  cava)  the  pres- 
sure is  said  to  be  rather  below  that  of  the  atmosphere  ( —  3  to 
—  5  mm.,  mercury).  During  inspiration  the  minus  pressure  may 
become  further  lowered,  while,  on  the  other  hand,  it  is  only  by 
very  forced  expiration  that  it  ever  becomes  equal  to  or  at  all 
above  that  of  the  atmosphere. 

This  is  a  most  important  fact,  as  the  suction  considerably  helps 
the  flow  of  blood  from  the  veins,  and  also  the  current  of  fluid 
from  the  thoracic  duct  that  bears  the  chyle  from  the  intestines 
and  the  fluid  collected  from  the  tissue  drainage  back  to  the 
blood. 

The  pressure  of  the  blood  in  the  veins  may  be  said  to  be  gen- 
erally «//,  since  the  veins  are  nowhere  overfilled  with  blood. 
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The  pressure,  on  the  other  hand,  that  can  be  registered  and 
measured  depends  upon  forces  communicated  from  without, 
namely :  (i)  gravity  ;  (2)  the  elastic  pressure  of  the  surrounding 
tissue;  and  (3)  the  pressure  exerted  by  the  muscle  during  con- 
traction. This  pressure  is  increased  by  any  circumstance  which 
impedes  the  flow  of  blood  through  the  right  side  of  the  heart, 
through  any  large  vein,  or  through  the  pulmonary  circulation  ; 
but  when  no  abnormal  obstacle  exists  in  the  venous  blood  cur- 
rent the  pressure  in  those  vessels  can  never  attain  any  great 
height,  for,  as  we  have  seen,  the  large  trunks  are  constantly  being 
emptied  by  the  heart's  action. 

Most  circumstances  which  tend  to  lower  arterial  pressure  also 
tend  to  raise  the  pressure  in  the  veins,  so  that  when  the  heart's 
action  is  weak  or  its  mechanism  faulty  the  venous  pressure 
rises. 

In  the  veins  of  the  extremities  the  pressure  greatly  depends  on 
the  position  of  the  limb,  as  it  varies  almost  directly  with  the 
effect  of  gravity. 

In  the  pulmonary  circulation  the  direct  measurement  of  the 
intra- vascular  pressure  is  rendered  extremely  difficult,  and  pos- 
sibly erroneous,  by  the  fact  that  to  ascertain  it  the  thorax  has 
to  be  opened.  It  has  beeii  found  in  the  pulmonary  artery  to  be 
in  a  dog  29.6  mm.,  in  a  cat  17.6  mm.,  and  in  a  rabbit  12  mm. 
of  mercury. 

THE  ARTERIAL  PULSE. 

E^ch  systole  of  the  ventricle  sends  a  quantity  of  blood  into 
the  aorta,  and  thus  communicates  a  stroke  to  the  blood  in  that 
vessel.  The  incompressible  fluid  causes  the  tense  arterial  wall 
to  distend  still  further,  and  the  shock  to  the  column  of  blood  is 
not  transmitted  onward  directly  by  the  fluid,  but  causes  the  elas- 
tic walls  of  the  arteries  to  yield  locally,  and  thus  it  is  converted 
into  a  wave  which  passes  rapidly  along  those  vessels.  This 
motion  in  the  walls  of  the  vessel  can  be  felt  wherever  the  artery 
can  be  reached  by  the  finger,  but  best,  as  is  the  case  in  the 
radial  and  temporal  arteries,  where  the  vessel  is  superficial  and 
lies  on  some  unyielding  structure,  such  as  bone. 
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This  motion  of  the  vessel  wall  is  called  the  arterial  pulse.  It 
consists  of  a  simultaneous  widening  and  lengthening  of  the  artery. 
The  arteries  near  the  heart  are  more  affected  by  the  pulse  wave 
than  those  more  remote,  the  wave  becoming  fainter  and  fainter 
as  it  travels  along  the  branching  arteries.  In  the  smallest  arteries 
it  is  hardly  recognizable,  and  under  ordinary  circumstances  is 
quite  absent  in  the  capillaries  and  veins. 

The  diminution  in  the  pulse  wave  in  the  smaller  arteries 
chiefly  depends  upon  the  fact  that  the  force  of  the  wave  is  used 
up  in  distending  the  successive  parts  of  the  arteries.  In  the 
small  arteries  the  extent  of  surface  to  which  the  pulse  wave  is 
communicated  is  great,  and  thereby  the  wave  is  much  decreased. 
It  is  probable  that  reflected  waves  pass  from  the  peripheral  end 
of  the  arterial  tree — the  contracted  arterioles — ^and  meeting  the 
pulse  wave  in  the  small  arteries  help  to  obliterate  it.  So  long  as 
the  arterioles  are  contracted  to  the  normal  degree  no  pulsation  is 
communicated  to  the  capillaries,  because  the  wave,  reaching  the 
arterioles,  is  reflected  by  them. 

The  pulse  wave  can  easily  be  shown  to  take  some  time  to  pass 
along  the  vessels.  Near  the  orifice  of  the  aorta  the  arterial 
distention  occurs  practically  at  the  same  time  as  the  ventricular 
systole,  but  even  with  comparatively  rough  methods  the  radial 
pulse  can  be  observed  to  be  a  little  later  than  the  heart  beat. 
The  difference  of  time  between  the  pulse  in  the  facial  and  the 
dorsal  artery  of  the  foot  has  been  estimated  to  be  one-sixth  of  a 
second,  and  the  difference  in  the  distance  of  these  vessels  from  the 
heart  is  about  1500  mm.,  so  that  the  rate  at  which  the  pulse  wave 
travels  is  nearly  10  metres  per  second.  The  velocity  of  the  wave 
is  said  to  depend  upon  the  degree  of  elasticity  of  the  walls  of  the 
vessels,  and  it  would  appear  to  be  quicker  in  the  lower  than  in 
the  upper  extremities. 

The  time  that  the  wave  takes  to  pass  any  given  point  must  be 
equal  to  the  time  taken  to  produce  it,  that  is  to  say,  the  time  the 
ventricle  occupies  in  sending  a  new  charge  of  blood  into  the 
aorta,  which  is  about  one-third  of  a  second.  Knowing  the  rate 
at  which  the  wave  travels  (10  m.  per  sec.)  and  the  time  it  takes 
to  i>ass  any  given  point  {yi  sec),  its  length  may  be  calculated  to 
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be  about  three  metres,  or  about  twice  as  long  as  the  longest 
artery.  Thus  the  pulse  wave  reaches  the  most  distant  artery 
in  one-sixth  of  a  second,  or  about  the  middle  of  the  ventricular 
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systole,  and  when  the  wave  has  passed  from  the  arch  of  the  aorta, 
its  summit  has  just  reached  the  arterioles. 

Numerous  instruments  have  been  invented  for  the  demonstration 
and  graphic  representation  of  the  pulse  in  the  human  being.  Of 
these  the  one  in  general  use  is  Marey's  Sphygmograph  (Fig,  139), 
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by  means  of  which  a  graphic  record  of  the  pulse  is  made,  in  Ihe 
form  of  a  tracing  of  a  series  of  elevations  and  depressions  (Fig. 
140).    ITie  elevations  correspond  to  the  onset  of  a  wave,  and  the 
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depressions  to  its  departure,  or  to  the  temporary  rise  and  fall  of 
the  arterial  pressure.  In  the  falling  part  of  the  curve  an  irregu- 
larity caused  by  a  slight  second  wave  is  nearly  always  seen. 
This  is  called  the  dicrotic  wave.  Sometimes  there  are  more  than 
one  of  these  secondary  waves,  the  most  constant  of  which  is  a 
small  wave  preceding  the  dicrotic,  called  predicrotic ;  but  the 
dicrotic  is  alwa)rs  more  marked  than  any  other.  Several  waves 
of  oscillation  can  be  seen  as  a  gradually  decreasing  series  in 
tracings  taken  from  elastic  tubes,  but  we  cannot  say  positively 
that  they  occur  in  the  arteries.  When  several  secondary  waves 
exist  in  the  pulse  curve,  the  smaller  ones  probably  depend  on 
oscillations  caused  by  the  lever  of  the  instrument. 

The  dicrotic  wave  does  not  depend  on  the  instrument,  because 
in  most  cases  the  skilled  finger  laid  on  the  radial  artery  at  the 
wrist  can  easily  detect  it,  and  it  can  be  directly  seen  in  the  vessel 
when  the  pulsation  in  the  arteries  is  visible,  or  when  a  jet  of 
blood  escapes  from  an  artery. 

When  a  new  charge  of  blood  is  shot  into  the  aorta  the  elastic 
wall  of  the  vessel  is  suddenly  stretched.  At  the  same  time  a 
shock  is  given  to  the  column  of  blood,  and  the  fluid  next  the 
valves  is  moved  forward  with  great  velocity.  Owing  to  its 
inertia  the  fluid  tends  to  pass  onward  from  the  valves,  and  thus 
allows  a  momentary  fall  in  pressure  which  is  at  once  followed 
by  a  slight  reflux  of  the  blood  and  the  forcible  closure  of  the 
valves. 

The  first  crest  or  apex  of  the  pulse  curve  corresponds  to  the 
shock  given  by  the  systole,  and  is  greatly  exaggerated  by  the 
inertia  of  the  lever.  The  crest  of  the  predicrotic  wave  marks 
the  moment  when  the  blood  ceases  to  flow  from  the  ventricle, 
and,  therefore,  it  is  the  real  head  of  the  pulse  wave. 

The  dicrotic  wave  has  been  explained  as  (i)  a  wave  of  oscil- 
lation, (2)  a  wave  reflected  from  the  jieriphery,  or  (3)  a  wave 
from  the  aortic  valves. 

I.  If  the  first,  it  should  be  less  marked  than  the  predicrotic, 
which  by  this  theory  is  said  to  be  the  first  wave  of  oscillation, 
for  each  succeeding  oscillation  is  less  than  its  forerunner.  But, 
as  already  mentioned,  the  dicrotic  is  invariably  the  larger. 
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2.  There  are  many  reasons  why  it  cannot  be  a  wave  of  reflec- 
tion from  the  periphery  of  the  arterial  tree;  viz.,  (i)  Its  curve 
is  not  found  to  be  nearer  the  primary  wave  when  the  peripheral 
vessels  are  approached.  (2)  The  arterioles  which  form  the 
peripheral  resistance  are  at  too  irregular  distances  to  give  one 
definite  wave  of  reflection.  (3)  It  is  seen  in  the  spurting  of  an 
artery  cut  ofl"  from  the  periphery.  (4)  It  increases  with  greater 
elasticity  and  low  tension,  which  cause  the  reflected  waves  to 
diminish. 

3.  The  dicrotic  notch  then  most  probably  depends  upon  a 
negative  centrifugal  wave,  caused  by  the  sudden  stoppage  of  the 
inflow  and  the  momentary  reflux  of  blood  during  the  closure  of 
the  valves;  and  the  dicrotic  crest  is,  no  doubt,  produced  by 
the  completion  of  their  closure,  at  which  moment  the  sudden 
check  given  to  the  reflux  of  the  blood  column  causes  a  positive 
centrifugal  wave  to  follow  the  primary  wave  of  the  pulse. 

The  view  that  the  reflux  of  blood  and  the  closure  of  the  valves 
produce  the  dicrotic  wave  is  supported  by  the  fact  that  the  con- 
ditions which  increase  the  dicrotism — viz.  (i)  sharp,  strong  sys- 
tole, (2)  low  tension,  and  (3)  perfect  resiliency — promote  the 
recoil  and  closure ;  and,  on  the  other  hand,  the  conditions  which 
interfere  with  the  closure  of  the  valves  also  diminish  the  dicrotic 
wave  in  the  most  marked  degree,  viz.  (i)  inefiiciency  of  the 
aortic  valve,  and  (2)  a  rigid  calcareous  condition  of  the  arteries. 

It  can  be  shown  in  an  elastic  tube,  fitted  with  a  suitable  pump 
and  sphygmographs,  that  when  its  outlet  is  closed  ^positive  wave 
is  reflected  from  the  distal  end  back  to  the  pump,  and  when  the 
outlet  is  opened  a  negative  centripetal  wave  is  reflected.  This 
fact  assists  in  explaining  the  variations  in  the  character  of  the 
pulse  curve  of  the  radial  artery  where  the  equidistance  of  the 
derived  arterioles  enables  the  reflected  waves  to  have  consider- 
able effect.  When  the  arterioles  are  constricted  (a  condition 
corresponding  to  the  closure  of  tube)  a  positive  centripetal  wave 
is  reflected,  and  is  added  to  the  pulse  wave  so  as  to  diminish  the 
dicrotic  notch,  and  give  the  curve  known  as  characteristic  of  the 
'*  high-tension  *'  pulse  seen  in  Bright*s  disease.  (Fig.  141,  11.) 
On  the  other  hand,  when  the  arterioles  are  widely  dilated  (cor- 
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responding  to  the  open  condition  of  the  tube)  a  negative  wave  is 
reflected,  and  is  ntbtracted  from  the  force  of  the  pulse  wave  so  as 
to  exaggerate  the  dicrotic  notch,  and  give  the  tracing  character- 
istic of  the  "low-tension"  pulse  seen  in  fever,  etc.     (Fig.  141, 

■„.) 

The  mean  rate  of  the  pulse  varies  in  different  individuals, 
seventy-two  per  minute  being  a  fair  average  for  a  middle-aged 
adult.  It  varies  also  with  many  circumstances,  which,  though 
purely  physiological,  must  be  borne  in  mind  in  taking  the  pulse 
as  a  clinical  guide. 

I.  Age.    At  birth  it  is  about  140  per  minute,  and  is,  generally 


II.  Scheme  of  High  Teni 


t»»«  B.    (A/tir  C'lukcj.) 


Speaking,  quicker  in  young  than  in  old  people,  commonly  falling 
to  60  in  aged  persons. 

2.  Sex.     It  is  more  rapid  in  females  than  in  males. 

3.  Posture.  It  is  quicker  standing  than  lying,  particularly  if 
a  patient  who  has  been  lying  down,  stand  or  sit  up,  the  pulse 
becomes  more  rapid. 

4.  T%e  time  of  liay.  At  its  minimum  at  midnight,  it  gains  in 
rapidity  till  9  o'clock  in  the  morning ;  falls  in  the  daytime,  and 
rises  in  the  evening  till  6  o'clock. 

5.  Muscular  exercise  quickens  it. 
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6.  It  is  quicker  during  inspiration  than  expiration. 

7.  It  increases  with  increase  of  temperature. 

8.  It  is  variously  affected  by  emotions. 

VELOCITY  OF  THE  BLOOD  CURRENT. 

The  velocity  of  the  blood  must  not  be  confounded  with  the 
velocity  of  the  pulse  wave,  which  bears  to  it  the  same  relation 
as  the  surface  waves  on  a  river  do  to  the  rate  of  the  stream  of 
water. 

It  has  already  been  mentioned  that  the  general  bed  of  the 
blood  increases  from  the  aorta  to  the  capillaries,  and  decreases 
from  the  capillaries  to  the  vena  cava.  The  branches  or  tribu- 
taries of  an  artery  or  vein  have  collectively  a  larger  sectional 
area  than  the  vessel  from  which  they  spring  or  to  which  they 
lead  respectively ;  or,  in  other  words,  if  we  imagined  the  whole 
vascular  system  fused  together  into  one  tube  it  would  form  two 
somewhat  irregular  cones,  one  corresponding  to  the  arteries  and 
the  other  to  the  veins,  with  their  bases  placed  at  the  capillaries 
and  their  apices  at  the  heart.  Between  the  two  cones  a  still 
wider  portion  would  represent  the  aggregate  sectional  area  of  the 
capillaries.     (Fig.  128,  p.  288.) 

Since  the  same  quantity  of  blood  must  pass  through  each  sec- 
tion of  these  cones  in  a  given  time,  the  rate  at  which  it  flows 
must  vary  greatly  in  the  different  parts,  being  faster  in  propor- 
tion as  the  diameter  of  the  part  is  narrower,  in  accordance  with 
the  well-known  physical  law  that  with  the  same  quantity  of  liquid 
flowing,  its  velocity  changes  inversely  with  the  square  of  the 

diameter  of  the  tube  (  V  00  ^^  j .     Thus,  the  mean  velocity  of  the 

flow  in  the  arteries  becomes  slower  as  the  capillaries  are  ap- 
proached, and  in  the  wide  bed  of  the  latter  the  rate  of  the  cur- 
rent is  reduced  to  a  minimum.  In  the  small  veins  the  rate  is 
slower  than  in  the  larger  tnmks,  but  on  the  venous  side  its  rapid- 
ity never  reaches  that  of  the  aorta,  where  it  may  be  said  to 
move  at  least  twice  as  quickly  as  in  the  vena  cava. 

The  following  table  may  be  useful  in  giving  a  general  idea  of 
the  average  velocity  in  different  parts  of  the  circulation  : — 
27 
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Near  valves  of  aorta — ^while  the  venlricles  are  contracting  it  reaches 

1 200  mm.  per  sec. 

Descending  aorta, 3CX>-6oo 

Carotid, 205-357 

Radial, 100  mm.  per  sec. 

Metatarsal, 57 

Arteiioles, 50 

Capillaries, 0.5 

Venous  radicles, 25 

Small  veins  on  dorsum  of  hand,  ...    50 
Venae  cavae, 200 

In  the  aorta  near  the  valves  the  blood  current  varies  in 
rapidity,  because  the  flow  through  the  aortic  orifice  is  inter- 
mittent, and  this  variation  must  be  more  or  less  communicated  to 
the  neighboring  arteries  in  the  form  of  an  increase  of  rapidity 
coincident  with  the  beat  of  the  arterial  pulse.  The  variation  in 
the  rate  of  the  blood  flow  which  is  caused  by  the  heart  beat 
diminishes  with  the  force  of  the  pulse  as  the  smaller  arteries  are 
approached,  and  finally  ceases  completely  in  the  capillaries, 
where  under  ordinary  circumstances  the  flow  is  perfectly  con- 
tinuous. In  the  first  part  of  the  aorta  the  velocity  of  the  blood 
flow  is  reduced  to  mV  after  each  ventricular  beat,  while  in  the 
capillaries  no  change  is  perceived.  Between  these  two  extremes 
all  gradations  may  be  found,  which  follow  the  same  rules  as  the 
pulse. 

The  general  mean  velocity  varies  directly  with  the  blood 
pressure,  which  bears  a  generally  inverse  relation  to  the  calibre 
of  the  arteries.  The  velocity  in  any  one  artery  and  its  branches 
will  vary  with  the  calibre  of  those  vessels,  which  are  constantly 
undergoing  local  changes  in  size. 

Generally  speaking,  quick  heart  beats  cause  increase  in  velo- 
city of  the  stream,  but  no  definite  or  invariable  relation  exists 
between  the  rate  of  the  heart  beat  and  the  current  of  the  blood. 
The  vasomotor  influences  have,  no  doubt,  much  more  effect  than 
the  heart  beat  on  the  rate  of  the  stream  in  the  smaller  vessels  the 
calibre  of  which  they  control. 

In  looking  at  the  blood  passing  through  the  small  vessels  of  a 
transparent  tissue,  such  as  the  frog's  tongue  or  web,  it  appears 
that  diff*erent  parts  of  the  column  of  fluid  move  with  different 
velocities.     Down  the  centre  of  the  stream  the  red  corpuscles  are 
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seen  coursing  rapidly,  while  between  the  central  part  and  the 
vessel  wall  on  each  side  a  pale  line  of  plasma  can  be  recognized, 


Small  porlion  ot  Ftfg's  Web,  very  highly  nugnificd.    {MttxUy^ 

/atl  Df  csipilUry  vEucli.  B.  Tiitue  lying  belwHn  the  capillirlu.  C.  Epliheliil  cell  < 
in.anlrihnwii  inpan  of  ipeciinenwhen  the  surface  is  infociii.  D.  Niiclei  of  epliheli^ 
li.    E.  Pigmeni  celli  CDnDacled.  F.  Red  corpuiclei  (oval  in  the  fro^).    C.  H.    Re 


le  blood  celli. 


ir  way  through  a  i 
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which  seems  to  flow  more  slowly  and  to  carry  with  it  only  a  few 
white  corpuscles. 

In  the  veins  the  velocity  varies  greatly  with  a  variety  of  cir- 
cumstances which  have  little  or  no  effect  on  the  arterial  flow. 
Thus,  the  position  of  the  body  or  limb,  the  activity  of  the  neigh- 
boring muscles  and  the  respiratory  movements  alter  it,  but  as  a 
general  rule  the  flow  in  the  veins  is  pretty  steady,  there  being 
no  pulsation  or  corresponding  variation  of  velocity.  In  the 
large  vessels  the  onward  flow  is  affected  by  the  contraction  of 
the  auricles.  During  the  auricular  systole  the  veins  cannot 
empty  themselves,  and  therefore  there  is  a  slight  check  to  the 
onward  flow,  and  the  velocity  of  the  current  is  correspondingly 
reduced.  In  cases  where  the  auricles  are  dilated  and  distended 
with  blood  this  may  cause  a  definite  pulsation,  which  becomes 
visible  in  the  great  veins  of  the  neck. 

WORK  DONE  BY  THE  HEART. 

The  amount  of  work  done  by  any  form  of  engine  may  be 
expressed  as  so  many  kilogrammetres  per  hour.  That  is  to  say, 
the  numbers  of  kilogrammes  it  could  raise  to  the  height  of  one 
metre  in  that  time. 

The  left  ventricle  moves  with  each  systole  about  0.188  (Volk- 
mann)  kilogrammes  of  fluid  against  an  arterial  pressure  corre- 
sponding to  3.21  (Bonders)  metres  height  of  blood,  /.  ^.,  o.  188  X 
3.21  =  0.604  kilogrammetres  for  each  systole.  This  at  75  per 
minute  for  23  hours  would  be  0.604  X  75  X  60  X  24  =  65,230 
kilogrammetres. 

The  right  ventricle  does  about  one-third  as  much  work  as  the 
left,  making  a  total  of  86,970  kilogrammetres  for  the  ventricles. 
Or,  in  other  words,  the  heart  of  a  man  weighing  twelve  stone 
does  as  much  work  in  twenty-four  hours  as  would  be  required  to 
lift  his  body  1248  yards  into  the  air,  /.  ^,,  nearly  ten  times  as 
high  as  the  steeple  of  St.  PauFs  Cathedral. 
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CONTROLLING  MECHANISMS  OF  THE  BLOOD  VESSELS. 

VASOMOTOR  NERVES. 

That  th6  arteries  possessed  elastic  resiliency  and  vital  contrac- 
tility which  regulated  the  amount  of  blood  flowing  to  any  given 
part  was  observed  by  John  Hunter  in  studying  inflammation. 

The  muscle  cells  have  long  since  been  clearly  demonstrated  in 
the  middle  coats  of  the  arteries,  but  nothing  was  known  of  the 
nervous  channels  which  bore  the  stimulus  to  the  vessels,  or  the- 
nerve  centres  which  regulated  their  contraction,  until  compara- 
tively recent  times. 

The  first  definite  knowledge  concerning  special  nerves  for  the 
control  of  the  muscular  wall  of  the  vessels  is  due  to  Claude  Ber- 
nard. He  showed  that  cutting  the  sympathetic  nerve  in  the 
neck  was  followed  by  an  increase  in  temi)erature  of  that  side  of 
the  head,  and  a  great  dilatation  of  the  arteries. 

It  was  further  observed  that  stimulation  of  the  superior  gan- 
glion of  the  sympathetic  brought  about  an  opposite  result, 
namely,  a  fall  in  temperature  and  contraction  of  the  vessels  on 
the  side  at  which  the  stimulus  was  applied.  If  the  stimulus  was 
increased,  the  vessels  contracted  more  than  the  normal,  but  on 
cessation  of  the  stimulus  they  became  dilated  above  the  normal 
and  the  temperature  again  rose;  the  eflects  of  the  stimulus 
gradually  passed  off*.  From  this  it  was  concluded  that  the  sym- 
pathetic in  the  neck  contained  constrictor  fibres  which  conveyed 
impulses  causing  habitual  tonic  contraction  of  the  vessel  wall, 
corresponding  to  what  was  already  recognized  as  arterial  tone. 
On  section  of  the  nerve  the  tonic  contraction  disappeared,  but  on 
gentle  stimulation  it  reappeared,  and  if  more  strongly  stimulated 
an  excessive  contraction  set  in  causing  occlusion  of  many  of  the 
vessels. 

Subsequent  experiments  have  shown  that  all  the  vessels  are 
supplied  with  similar  vasomotor  (constrictor)  nerves,  section  of 
which  causes  dilatation,  while  stimulation  causes  contraction 
of  the  vessels  in  the  territory  presided  over  by  the  stimulated 
nerves. 

It  has  also  been  shown  that  the  vaso-constrictor  nerves  for  all 
parts  of  the  body  come  from  the  cerebro-spinal  axis,  passing  out 
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from  the  spinal  cord  as  extremely  fine  mediillated  fibres  (white 
rami  communicantes)  by  the  anterior  roots  of  all  the  spinal 
nerves  between  the  2d  thoracic  and  2d  lumbar.  They  join  the 
sympathetic,  which  may  be  regarded  as  a  chain  of  vasomotor 
ganglia,  and  are  distributed  to  the  vessels  either  as  special  nerves, 
branches  of  the  sympathetic,  as  the  splanchnics,  or  with  the  gen- 
eral peripheral  nerve  trunks. 

Although  stimulation  of  almost  any  nerve  causes  vascular 
contraction,  it  has  been  shown  that  in  some  parts  stimulation 
gives  rise  to  an  opposite  result,  viz.,  vascular  dilatation.  Thus, 
stimulation  of  the  chorda  tympani  or  nervi  erigentes  is  followed 
by  dilatation  of  the  arterioles  of  the  submaxillary  gland  and 
penis  respectively.  This  dilatation  is  caused  by  the  nerve  impulses 
checking  the  normal  contraction  by  inhibiting  the  activity  of 
the  vascular  muscles.  It  is  believed  that  all  arterioles  may  he 
influenced  by  such  fibres,  but  the  greater  power  of  the  constric- 
tor fibres  in  most  nerves  prevents  their  demonstration. 

These  vaso-dilator  fibres  also  come  from  the  central  nervous 
system,  but  leave  it  by  routes  quite  different  from  those  traversed 
by  the  vaso-constrictor  fibres,  and  are  not  connected  with  the 
sympathetic  ganglia.  They  pass  out  above  by  the  vagus  and 
glosso-pharyngeal  nerves  and  below  with  the  lower  sacral  nerves. 
No  vaso-inhibitory  fibres  have  been  found  to  pass  by  the  other 
spinal  roots. 

VASOMOTOR   CENTRES. 

The  nerve  cells  which  govern  the  majority  of  the  vasomotor 
channels,  lie  in  the  upper  part  of  the  medulla  oblongata  in  the 
floor  of  the  fourth  ventricle.  This  is  proved  by  two  facts :  ist, 
most  of  the  brain  may  be  removed  without  diminishing  the 
arterial  tone;  and  2d,  if  the  spinal  cord  be  cut  below  the 
medulla  (artificial  respiration  of  course  being  kept  up),  the  mean 
blood  pressure  is  found  to  fall  immediately,  almost  to  the  level 
of  the  atmospheric  pressure,  owing  to  the  relaxation  of  the 
smaller  arteries  consecjuent  on  the  paralysis  of  their  muscular 
coat. 

The  changes  in  the  capillary  circulation  caused  by  vascular 
paralysis  can  be  seen  in  the  web  of  a  frog  in  which  the  medulla 
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has  been  destroyed  (pithed)  while  the  circulation  is  being 
studied.  The  small  arteries  dilate  and  the  pulse  becomes  appa- 
rent in  the  capillaries,  and  even  in  the  veins. 

It  seems  probable  that  in  the  medulla  oblongata  a  vasomotor 
centre  exists,  which  can  regulate  the  contraction  of  all  the  vessels, 
and  keep  them  constantly  more  or  less  contracted.  This  slight 
general  vascular  constriction  is  spoken  of  as  the  arterial  tone. 
The  existence  of  such  a  centre  in  the  medulla,  and  of  nerve 
channels  in  the  cord  leading  from  it,  is  made  certain"  by  the  fact 


Fig.  143. 
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Kymographic  tracing  showing  the  effect  on  the  blood-pressure  curve  of  stimulating  the 
central  end  of  the  depressor  nerve  in  the  rabbit.  The  recording  surface  moving  from  left 
to  right.  (C)  Commencement  and  (O)  cessation  of  stimulation.  There  is  considerable 
delay  (latency)  in  both  the  production  and  cessation  of  the  effect.  (T)  Marks  the  rate  at 
which  the  recording  surface  moves,  and  the  line  below  is  the  base  line.    {Fotttr.) 

that  if  a  gentle  stimulus  be  applied  to  a  certain  jmrt  of  the 
medulla,  or  just  below  it,  simultaneous  general  vascular  constric- 
tion sets  in,  as  indicated  by  a  great  and  sudden  rise  in  the  blood 
pressure. 

Pressor  Influences, — The  action  of  the  vasomotor  centre  can 
be  increased,  the  tone  of  the  vessels  elevated,  and  the  pressure 
raised,  either  by  (i)  direct  or  (2)  reflex  excitation.  Directly y  if 
the  blood  flowing  through  the  medulla  contains  too  little  oxygen 
or  too  much  waste  products  it  stimulates  the  centre  and  the 
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blood  pressure  rises.  This  may  be  seen  by  temporarily  suspend- 
ing artificial  respiration  during  an  experiment  on  blood  pressure, 
when  the  pressure  rises  considerably.  Reflexly^  the  activity  of 
the  vasomotor  centre  can  be  increased  by  (i)  the  stimulation  of 
any  large  sensory  nerve  or  (2)  by  sudden  emotion  {fear). 

Depressor  Influences. — The  tone  of  the  arteries  may  be  dimin- 
ished by  inhibiting  the  activity  of  the  vasomotor  centre  by  the 
stimulation  of  a  certain  afferent  nerve,  the  anatomy  of  which  has 
been  made  out  in  the  rabbit  and  some  other  animals,  and  proba- 
bly has  its  analogue  in  man.  It  passes  from  the  inner  surface  of 
the  heart  to  the  vasomotor  centre  in  the  medulla.  The  effect  of 
stimulation  of  this  nerve  in  lowering  the  blood  pressure  is  so 
great  that  it  is  called  the  depressor  nerve.  Some  emotions  {shame) 
may  also  reduce  the  activity  of  the  centre,  as  seen  in  blushing, 
which  is  simply  dilatation  of  the  facial  vessels. 

Subsidiary  Centres. — Besides  this  chief  vasomotor  centre  it  is 
probable  that  in  the  higher  animals,  as  certainly  is  the  case  in 
the  frog,  other  centres  are  distributed  throughout  the  spinal  cord 
which  are  able  to  take  the  place  of  the  great  primary  centre. 
After  the  spinal  cord  has  been  cut  high  up,  the  hinder  extremities 
more  or  less  recover  their  vasomotor  power  in  a  few  days,  and 
destruction  of  the  lower  part  of  the  spinal  cord  causes  renewed 
vasomotor  paralysis.  In  frogs  this  recovery  takes  place  rapidly, 
the  centres  being  less  confined  to  the  medulla  than  is  the  case  in 
the  more  highly  organized  animals,  but  in  the  rabbit  and  dog  it 
has  been  observed  to  occur  more  slowly. 

Besides  keeping  up  the  normal  tone,  the  arterial  nervous 
mechanisms  have  the  function  of  regulating  the  amount  of  blood 
supplied  to  various  organs  or  parts  at  different  times.  Both  i^aso- 
motor  and  dilator  or  inhibitory  impulses  are  probably  employed 
for  this  purpose. 

REGULATION  OF  THE  DISTRIBUTION  OF  THE  BLOOD. 

The  various  experimental  results  recently  obtained  on  this 
subject  (too  numerous  to  be  mentioned  here),  show  that  the 
vascular  nerve  mechanisms  are  very  complex.  The  supposition  of 
some  such  arrangements  as  the  following  may  help  the  student. 
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1.  The  blood  vessels  have  muscular  elements  which,  though 
commonly  controlled  by  nerves,  are  capable  of  automatic  activity.  • 
A  supply  of  arterial  blood  is  sufficient  stimulus  for  their  moderate 
action,  and  mechanical  or  other  local  stimulus  is  capable  of 
exciting  increased  constriction.  We  know  that  such  automatic 
contractile  elements  exist  in  some  of  the  lower  animals  (snail's 
heart,  hydra,  etc.),  and  we  have  no  reason  to  doubt  their  existence 
in  mammals.  Moreover,  such  a  view  obviates  the  necessity  of 
supposing  that  local  nerve  elements  exist  which  cannot  be 
recognized  morphologically. 

2.  In  the  medulla  oblongata  there  exist  nerve  cells  which  exert 
a  constant  influence  over  the  activity  of  the  vascular  muscles. 
These  groups  of  nerve  cells  which  compose  the  vascular  nerve 
centres  may  be  divided  into  motor  and  inhibitory.  From  these 
centres  impulses  of  two  distinct  kinds  emanate,  the  one  increasing 
the  action  of  the  contractile  elements,  and  the  other  diminish- 
ing it.  They  are  intimately  connected  with  the  centres  which 
preside  over  the  functional  activity  of  the  various  viscera,  and 
are  also  closely  related  to  the  nerves  coming  from  all  parts  of 
the  circulatory  apparatus. 

3.  Direct  communication  between  these  vcuomotor  and  vaso- 
inhibitory  centres  and  the  blood  vessels  is  kept  up  by  means  of 
efferent  nerve  channels,  some  bearing  stimulating  (vaso-constric- 
tor)  others  inhibitory  (vaso-dilator)  impulses. 

4.  The  activity  of  the  contractile  elements  of  any  given  vas- 
cular area  may  be  altered  by  influences  from  different  sources, 
(a)  Local  influences  are  brought  but  little  into  play,  but,  if  the 
part  be  cut  off"  from  the  nervous  centres,  they  are  capable  of 
controlling  the  local  blood  supply  by  changing  the  degree  of  local 
arterial  constriction.  (^S)  Central  influences  from  the  medulla 
are  habitually  in  action,  affecting  all  the  vessels  and  keeping  up 
the  vascular  tone.  These  impulses  are  variously  modified  by 
changes  occurring  in  distant  parts  of  the  circulatory  apparatus, 
and  can  be  regarded  as  a  general  regulating  mechanism.  They 
pass  through  the  sympathetic  chain,  {y)  Special  influences, 
which  are  associated  with  the  functions  of  the  different  parts  and 
organs,  are  only  called  into  operation  during  the  performance  of 
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the  function,  whatever  it  may  be.  These  impulses  are  probably 
conveyed  by  the  same  nerves  as  excite  the  various  forms  of  func- 
tional activity. 

These  three  modes  of  regulation  have  different  powers  in  dif- 
ferent parts,  and  thus  we  find  that  section  or  stimulation  of  cer- 
tain nerves  gives  vasomotor  effects  which  appear  contradictory. 

Section  of  a  sensory  nerve  causes  temporary  vasomotor  para- 
lysis, owing  to  the  tonic  constrictor  influence  being  cut  off. 
Stimulation  of  the  peripheral  stump  causes  vaso-constriction  from 
excitation  of  the  fibres  bearing  these  impulses. 

The  stimulation  of  a  motor  nerve  causes  an  increase  in  the 
flow  of  blood  through  the  muscle,  /.  ^.,  is  associated  with  a  vaso- 
dilator effect,  probably  dependent  on  the  inhibitory  influence  of 
certain  efferent  fibres  which  check  the  local  vascular  agencies. 

Thus  we  must  suppose  that  there  exist  local  agents  under  the 
control  of  the  medullary  centres,  and  that  there  are  distinct  sets 
of  efferent,  exciting  and  inhibitory  fibres  passing  between  the 
centre  and  periphery.  One  set  of  fibres  lies  in  the  ordinary 
functional  nerve  of  the  part,  the  other  in  the  sympathetic,  which 
to  a  great  extent  nms  along  the  vessels  themselves,  and  forms 
intricate  networks. 

As  far  as  we  know  anatomically  there  are  no  local  agents 
other  than  the  muscles  in  the  wall  of  the  vessels.  Since  the 
impulses  from  the  centres  which  can  stimulate  or  inhibit  the 
activity  of  the  local  agents  travel  by  different  fibres,  all  the 
observed  phenomena  may  be  explained  without  supix)sing  local 
nerve  centres  to  exist. 
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CHAPTER  XVIII. 

THE  MECHANISM  OF  RESPIRATION. 

The  blood  undergoes  a  series  of  modifications,  and  is  constantly 
being  altered  as  it  passes  from  one  part  or  organ  to  another. 

It  has  already  been  seen  that  a  quantity  of  nutrient  material 
is  taken  up  by  the  blood  on  its  way  through  the  capillaries  of  the 
alimentary  tract,  and  a  stream  of  lymph  and  chyle  is  poured  into 
it  when  it  reaches  the  great  venous  trunks ;  so  that  from  two 
sources  the  blood  is  obviously  increased  in  quantity.  The  most 
essential  change  that  takes  place  in  the  circulatory  fluid  is  the 
respiratory,  and  the  addition  it  most  urgently  demands  is  that 
which  it  receives  in  the  capillaries  of  the  lungs.  All  the  blood 
passes  through  these  organs  in  order  to  ensure  the  elimination 
of  the  carbonic  acid  acquired  in  the  general  systemic  capillaries, 
and  the  recharging  of  the  red  corpuscles  with  oxygen. 

These  gas  interchanges  will  form  the  subject  matter  of  the 
present  chapter ;  and  the  more  especial  modifications  which  the 
blood  undergoes  in  the  ductless  glands,  the  spleen,  the  liver,  etc., 
as  well  as  in  the  kidneys  and  other  excretory  glands,  will  be 
considered  subsequently. 

As  has  already  been  pointed  out  (Chapter  V),  an  animal 
during  its  life  may  be  said  to  use  the  substances  supplied  to  it  in 
food  as  fuel,  and  thus  to  acquire  the  energy  which  is  bound  up 
in  them  ;  for  the  activities  of  the  various  tissues  are  really  com- 
bustions, being  invariably  associated  with  oxidation  of  some 
of  the  carbon  compounds,  so  as  to  produce  carbon  dioxide  and 
water.  In  order  that  the  structures  may  be  able  to  undergo  this 
change  they  mast  have  a  ready  supply  of  oxygen  constantly  at 
hand,  and,  moreover,  the  carbon  dioxide  which  is  formed  in  the 
process  must  be  removed.  The  regular  income  of  oxygen  and 
the  regular  discharge  of  carbon  dioxide  are  the  first  essentials 
to  life  ;  hence  we  find  in  almost  all  animals  special  arrangements 
known  as  the  respiratory  apparatus,  by  means  of  which  these 
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gases  can  find  their  way  to  and  from  the  tissues  and  external  air 
respectively. 

Here,  as  in  the  case  of  the  nutritive  materials,  the  blood  acts 
as  the  carrier.  The  pulmonary  half  of  the  circulation  is  devoted 
to  the  gas  interchange  between  the  blood  and  the  atmosphere, 
and  is  sometimes  spoken  of  as  external  respiration.  The  gas 
interchange  between  the  blood  and  the  tissues  takes  place  in  the 
general  systemic  capillaries,  and  has,  therefore,  been  spoken  of 
as  the  internal  or  tissue  respiration. 

In  mammalia  the  pulmonary  apparatus  is  so  far  p)erfected  that 
all  the  necessary  gas  interchange  can  be  carried  on  by  the  lungs, 
and  the  respiratory  influence  of  the  external  skin  or  the  mucous 
passages  may  be  regarded  as  insignificant.  But  it  should  be 
remembered  that,  whenever  the  blood  is  in  close  relation  to  oxy- 
gen, as  in  the  case  of  swallowed  air,  the  oxygen -is  soon  absorbed 
by  the  blood. 

In  some  of  the  lower  animals  the  cutaneous  surface  aids  very 
materially  in  respiration ;  for  example,  frogs  can  live  by  this 
cutaneous  respiration  alone  for  an  almost  indefinite  time. 

The  change  in  the  lungs  consists  in  (i)  oxygen  being  taken 
from  the  atmospheric  air*  by  the  blood  and  (2)  carbon  dioxide 
being  given  off  from  the  blood  to  the  air.  In  the  capillaries,  on 
the  other  hand,  the  blood  takes  the  carbon  dioxide  from  the  tis- 
sues, and  yields  to  them  a  great  portion  of  its  oxygen. 

RESPIRATORY  MECHANISM  IN  LOWER  ANIMALS. 

In  the  lowest  class  of  animals  {e.  g.y  amoeba),  we  find  no  special 
organs  for  the  purpose  of  respiration,  the  gas  interchange  being 
sufficiently  provided  for  by  the  exposure  of  the  general  surface 
of  their  bodies  to  the  medium  in  which  they  live,  namely,  water. 

All  higher  animals  have  some  special  apparatus  for  the  pur- 


*  The  composition  of  the  atmosphere  is  everywhere  remarkably  constant,  in  spite  of  its 
oxygen  being  used  up  by  living  beings.    It  consists  of— 

Oxygen, ai      vols,  per  cent. 

Nitrogen 79         " 

Carbonic  acid  gas  (variable), 04  '  "  " 

Moisture  (variable), 8  "  " 


MECHANISM    IN    LOWER  ANIMALS.  335 

pose  of  respiration.  This  apparatus  has  always  the  same  essen- 
tial object,  that  of  exixwing  their  tissues  to  a  medium  containing 
oxygen,  and  of  removing  the  carbonic  acid  gis. 

In  some  of  the  invertebrate  animals  it  suffices  to  distribute  the 
medium  containing  oxygen  throughout  the  tissues  of  the  animal 
by  means  of  tubes.  Thus  in  the  Echinodermata  a  water  vascular 
system  exists  which  seems  to  carry  on  the  function  of  respiration. 
A  somewhat  similar  method  of  distribution  of  oxygen  takes  place 
in  arthropoda,  in  which  delicately  branching  open  tubes  (tra- 
cheae) distribute  air  to  the  tissues  of  the  animal's  body.  _ 

When  more  active  changes  occur  in  the  tissues  there  is  always 
a  perfect  blood    vascular    system. 
The  blood  is  invariably  used  as  the  f"=-  '«■ 

distributing  and  collecting  agent  of 
the  gases  in  the  tissues,  and  by  flow- 
ing through  some  special  organ  ex- 
posed to  the  surrounding  medium  it 
ensures  the  gas  interchange  between 
the  body  and  the  outet  world. 
These  organs  are  formed  on  two 
general  types:  (1)  external  vascular 
fringes  and  (2)  internal  vascular 
sacs. 

Animals  living  in  water  have 
commonly  the  external  fringe  ar- 
rangement (gills),  while  those  living 
in  air  have  sacs  (lungs).  Some  ani- 
mals (frogs,  toads,  etc.)  have  gills 

in  the  early  stages  of  their  life,  "¥firwr„'dS;.'*.^5r;'^w°„T;; 
■  and  lungs  when  they  are  more  fully  jj|,*  'f^"  j,',^*"  'whSl"^(uW^ 
developed.  In  frogs  and  serpents  videaf«riheyenieriiiiirr«i«oive 
the  lungs  are  simple  sacs,  with  the 

inner  surface  increased  by  folds  of  the  lining  membrane,  which 
gives  it  a  honeycomb  appearance  ;  into  each  sac  opens  one  of  the 
divisions  of  the  air  tube.  In  crocodiles  the  air  tubes  divide  into 
several  branches,  which  open  into  a  series  of  anfractuous,  vascular 
recesses  communicating  one  with  another. 
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In  birds  wide  bronchial  tubes  pass  through  the  lung  tissue  to 
reach  large  air  cavities.  The  walls  of  the  tubes  are  studded  with 
the  openings  of  innumerable  air  cells  lined  with  capillary  blood 
vessels.  The  terminal  air  cavities  are  not  vascular  as  in  the 
mammalian  limg. 

STRUCTURE  OF  THE  LUNG  AXD  AIR  PASSAGES. 
The  respiratory  apparatus  of  mammals  consists  of  (i)  vascu- 
lar sacs  Riled  with  air,  known  as  the  lung  alveoli ;  (2)  channels 


"ch  ?"!  Th.  Thyroid  cji  Hi  l»gc,  tr.  Cricoid  c«rti- 
a  iinif^E  hkte.  V.  Eijoct  of  the  vocal  cordft. 
t>f  larg.      ^  Arytenoid   caniUgo.       Th.    A. 

.  "=«  Thyro-arylcnoid  TOuicle.  r.«,/.L»lenil 
.a    .ur-      „ico.»tyltnoid   mu«le.      c.Af.    Po». 


by  which  these  sacs  are  ventilated — the  air  passages ;  (3)  motor 
arrangements,  which  carry  on  the  ventilation  of  the  lungs — the 
thorax. 

I.  The  /ungs  are  made  up  of  innumerable  minute  cavities 
(alveoli),  with  thin  septa  springing  from  the  inner  surface  so  as 
to  divide  the  space  into  several  compartments  or  air  cells.  Each 
of  these  cavities  forms  a  dilatation  on  the  terminal  twig  of  a 
branching  bronchus,  and  may  be  regarded  as  an  elementary 
lung.     The  aggregate  of  these  cavities,  and  the  branches  of  the 
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air  passages  and  vessels  distributed  to  them  make  up  the  struc- 
ture of  the  lung. 

The  walls  of  the  cavities  are  formed  chiefly  of  fine  elastic  fibres, 
and  thesurfaceislined  with  exceptionally  delicate  and  thin-celled 
epithelium.  Supported  in  the  delicate  framework  of  elastic  and 
connective  tissue  is  the  remarkably  close-set  network  of  capilla- 
ries, in  which  the  blood  is  exposed  to  the  air.  The  delicate  wall 
of  the  vessel  and  the  thin  body  of  the  epithelial  lining  cell  are 
the  only  structures  interposed  between  the  blood  and  the  air. 

Pleura. — The  external  surface  of  the  lungs  is  invested  by  a 


m,  FibmuB  layer  conUiDing  pbiea  of  CBrtilHee,  gland*,  elc.    b.  Coai  coinpo^d  of  uniiri- 

serous  membrane,  the  pleura,  which  is  reflected  to  the  wall  of 
the  thorax  from  the  roots  of  the  lungs,  and  completely  lines  the 
cavity  in  which  they  lie.  Thus  the  lungs  are  only  attached  to 
the  thorax  where  the  air  pa.ssages  and  great  vessels  enter,  the 
rest  of  their  surface  being  able  to  move  over  the  inner  surface 
of  the  thorax,  and  to  retract  from  the  chest  wall  if  air  be  admitted 
into  the  pleural  sac. 

a.  'VY\t  air  passages  aixe  kept  permanently  open  during  ordinary 
breathing  by  the  elasticity  of  their  tissues.  The  trachea  and 
bronchi  have  special  cartilaginous  springs  for  the  purpose.   These 
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are  closely  attached  to  the  fibro-elastic  tissues  which  complete  the 
general  foundation  of  the  walls  of  the  tubes.  The  air  passages 
are  throughout  lined  with  ciliated  columnar  epithelium,  which, 
at  the  entrance  to  the  infundibula,  loses  its  cilia,  and  is  converted 
into  a  single  layer  of  flattened  cells. 

The  air  passages  are  supplied  with  muscle  tissue  of  different 
kinds.  Besides  the  ordinary  striated  muscles  that  control  the 
opening  of  the  anterior  and  posterior  nares  and  pharynx,  a 
special  set  surrounds  the  upper  part  of  the  larynx,  and  is  capable 

Fic,  mS. 


Seclioo  of  ■  portion  of  Lung  Tluiw,  ihowinz  fin  of  a  very  imall  bronchin 

cul  acroB.    (/;  E.  sAmIIu.) 

m.  Fihroui  layer  conulnlng  blood  VEUcb.    b.  Liyci  of  unitriiwd  nuscls.    c.  Lnyer  of 

cliuiic  libra.    d>  CUiafed  epilhellum. 

of  completely  closing  the  glottis,  and  thus  shutting  olT  the  lung 
cavities,  and  proper  air  passages  from  the  outer  air.     (Fig.  146.) 

In  the  trachea  a  special  muscle  exists  which  can  narrow  the 
windpipe  by  approximating  the  extremities  of  the  C-shaped 
springs  that  normally  preserve  its  patency. 

In  the  bronchial  tubes  a  large  quantity  of  smooth  muscle  cells 
exist,  for  the  most  part  arranged  as  a  circular  coat,  which  is  best 
developed  in  the  small  tubes  (Fig.  148,  i).  As  we  pas.s  from  the 
large  to  the  smaller  bronchi  the  walls  become  thinner  and  less 
rigid,  and  the  cartilaginous  plates  and  fibrous  tissue  gradually 
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diminish,  while  on  the  other  hand  the  muscular  and  ela'^tic  ele- 
ments become  relatively  more  abundant. 

3.  The  thorax,  in  which  the  lungs  are  placed,  is  a  bany  frame- 
work, the  dimensions  of  which  can  be  altered  by  the  muscles 
which  close  in  and  complete  the  cavity. 

The  framework  is  a  rounded  blunt  cone,  composed  of  a  set  of 
bony  hoops,  the  ribs,  attached  by  joints  to  a  l>ent  pliable  pillar, 
the  vertebral  column,  and  held  together  in  front  by  the  sternum, 
to  which  they  are  attached  by  resilient  cartilaginous  springs. 
The  ribs  slope  downward  and  forward,  and 
are  more  or  less  twisted  on  themselves  about  ^"^  '«■ 

the  middle  of  the  shaft. 

The  first  pair  of  ribs,  which  encircles  the 
apex  of  the  thoracic  cone,  forms  part  of  a 
short  flattened  hoop.  It  slopes  downward 
in  front  to  reach  the  sternum.  Each  succeed- 
ing rib  from  above  downward  increases  in 
the  amount  of  its  slope  downward  and  for- 
ward, and  in  the  obliquity  of  its  shaft. 

The  floor  of  the  thorax  is  formed  by  a 
dome-shaped  muscle,  the  diaphragm,  which  » 

bulges  with  its  convex  side  into  the  cavity, 
and  separates  the  thoracic  from  the  abdom- 
inal viscera.  The  upper  outlet  is  closed 
around  the  trachea  by  several  muscles, 
which  |)ass  obliquely  upward  from  the  upper 
part  of  the  thorax  to  the  cervical  vertebrse, 
and  hold  that  part  of  the  chest  in  jiosition. 
These  muscles  can  elevate  as  well  as  fix  the 
first  rib,  as  will  be  seen  when  speaking  of 
the  muscles  in  detail.  The  intervals  between 
the  ribs  are  filled  up  by  two  sets  of  muscular 
fibres,  which  cross  one  another  at  right  Drawingofthe  laitraiviiw 
angles,  and  are  attached  to  the  margins  of  of  g.mie  inipirwi™ 
the  neighlmring  ril>s.  s1"p«  oi  i>k  liu. 

The  base  of  the  thorax  is  connected  by  a 
number  of  strong  muscles  with  the  pelvis  and  spine,  whence 
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they  pass  upward  to  the  lower  ribs.  The  anterior  muscles  pull 
down  the  sternum  and  anterior  part  of  the  ribs.  The  posterior 
fix  and  extend  the  last  rib. 

From  a  mechanical  point  of  view  the  thorax  may  be  regarded 
as  a  specially  arranged  bellows,  the  dimensions  of  which  can  be 
increased  in  all  directions. 

Within  this  bellows  are  the  lungs,  which  may  be  regarded  as 
an  elastic  bag,  the  interior  of  which  communicates  with  the  outer 
air  by  an  air-pipe,  the  only  way  by  which  the  atmosphere  can 
reach  the  interior  of  the  bellows.  When  the  framework  enlarges, 
the  pressure  of  the  atmosphere  forces  a  stream  of  air  into  the 
elastic  sac,  so  as  to  distend  it,  and  thus  fill  the  space  caused  by 
the  expansion  of  the  framework. 

By  the  motions  of  the  framework  a  stream  of  air  passes  in  or 
out  of  the  sac  ;  a  small  quantity  of  the  air  in  the  bronchi  is  thus 
changed  at  each  breath,  and  a  certain  standard  of  purity  kept 
up. 

In  order  to  fully  understand  the  motions  by  which  the  thorax 
is  enlarged,  a  more  detailed  knowledge  of  the  anatomy  of  the 
bony  case  and  its  muscles  than  can  be  given  here  must  be 
acquired. 

RESPIRATORY  MOVEMENTS. 

Physiologically  the  motions  are  divided  into  two  sets — (i)  those 
which  enlarge  the  thoracic  cavity,  and  cause  the  air  to  rush  into 
the  lungs,  called  inspiration ;  and  (2),  those  which  diminish  the 
size  of  the  thorax*  and  force  out  the  air,  called  expiration. 

No  action  of  life  is  more'  familiar  than  the  rhythmical  move- 
ments of  respiration.  The  slow,  quiet  rise  and  fall  of  the  chest 
and  abdomen  are  the  signs  most  commonly  sought  as  indicative 
of  life ;  for  every  one  knows  that  constant  ventilation  must  go 
on  in  order  that  the  blood  may  readily  obtain  the  necessary 
amount  of  oxygen,  and  get  rid  of  carbonic  acid  gas,  the  ordinary 
diffusion  that  takes  place  in  the  motionless  chest  being  quite 
insufficient  to  remove  the  heavy  carbonic  acid  gas  from  the 
lungs. 

The  rhythm  of  the  respiratory  movements  may  be  represented 
graphically  by  recording  the  changes  in  the  diameter  or  circum- 
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ference  of  the  thorax,  the  movements  of  the  diaphragm,  or  the 
variations  of  the  pressure  in  the  air  passages.  These  methods, 
though  not  quite  reliable,  give  curves  of  a  similar  character. 

The  rate  of  the  respiratory  movements  is  up  to  a  certain  point 
under  voluntary  control,  and  may  be  varied  by  the  will,  or 
stopped,  as  when  one  holds  one*s  breath. 

The  voluntary  control  of  the  respiratory  movements  is,  how- 
ever, limited,  for  if  we  hold  our  breath  for  any  length  of  time, 
a  moment  soon  arrives  when  the  "necessity  of  respiration  **  over- 
comes the  strongest  will.  The  usual  respiratory  movements  are 
carried  on  without  our  being  conscious  of  them,  and  are  strictly 
involuntary. 

The  rate  of  the  respiratory  movements  varies  according  to  cir- 
cumstances, being  in  an  adult  man  about  i8  per  minute;  in 
most  of  the  lower  animals  it  is  much  more  rapid.  It  varies  with 
age,  being  very  rapid  at  birth,  decreasing  slowly  to  about  30, 
and  slightly  rising  toward  old  age.  The  following  table 
(Quetelet)  illustrates  this  : — 

A  new- bora  infant respires  44  times  per  minute. 

5  years •*       26      " 

15-20      "       **       20      " 

20-25      "       "       18.7  " 

25-30      "       "       16      " 

30-60      "       *'       18.1   " 

Muscular  exercise  increases  the  rapidity  of  the  respiratory 
movements,  and,  consequently,  the  effort  of  standing  produces  a 
more  frequent  respiration  than  is  found  in  the  recumbent  posture. 
Emotions  variously  affect  the  rate  and  rhythm  of  the  inspiration 
and  expiration  {e.  g.y  sighing);  and,  finally,  morbid  conditions, 
implicating  the  lungs,  usually  cause  a  greater  frequency  of  respi- 
ration, sometimes  attaining  a  rate  of  as  many  as  60-70  respira- 
tions per  minute. 

The  thorax  is  enlarged  in  all  directions  during  inspiration,  the 
motion  being  usually  referred  to  the  vertical,  transverse,  and 
antero-posterior  diameters  respectively. 

The  vertical  diameter  is  increased  by  the  descent  of  the  lateral 
portions  of  the  diaphragm  and  the  slight  elevation  of  the  parts 
about  the  apex. 
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The  lateral  diameter  is  widened  by  the  side  droop  of  the  ribs 
being  lessened ;  each  rib  is  rotated  upon  the  line  uniting  its 
extremities,  and  at  the  same  time  is  moved  upward  and  outward. 

The  antero-posterior  diameter  is  enlarged  by  the  general  ele- 
vation of  the  ribs  and  sternum,  the  anterior  extremities  of  the 
ribs  being  drawn  up  from  their  general  downward  incline,  push 
the  sternum  forward. 

The  movements  of  the  diaphragm  depress  the  abdominal  vis- 
cera lying  beneath  it,  and  thereby  distend  the  elastic  abdominal 
wall  and  compress  the  gases  contained  in  the  intestines.  Thus 
the  diaphragmatic  movements  cause  a  rhythmical  heaving  of 
the  abdomen.  Respiration  depending  chiefly  on  the  action  of 
this  one  muscle  is  therefore  spoken  of  as  abdominal  respiration. 
On  the  other  hand,  when  the  ribs  are  the  chief  cause  of  expan- 
sion of  the  upper  parts  of  the  chest,  it  is  called  thoracic  or  costal 
respiration. 

These  two  types  of  respiratory  movements  may  be  imitated 
voluntarily,  and  are  variously  combined  in  different  individuals 
during  ordinary  respiration,  and  in  the  same  individual  under 
different  circumstances. 

In  men  the  general  character  of  the  ordinary  quiet  respiration 
is  abdominal,  the  movement  of  the  thorax  being  insignificant  in 
comparison  with  that  of  the  abdomen. 

In  women  the  reverse  is  the  case ;  the  abdominal  movements 
are  slight  when  compared  with  those  of  the  upper  part  of  the 
thorax.  This  difference  is  only  well  marked  during  quiet,  uncon- 
scious breathing ;  any  forced  or  voluntary  respiratory  effort 
changes  the  typical  character  of  man's  breathing,  and  the  costal 
movements  become  more  prominent.  In  a  forced  deep  inspira- 
tion the  upper  part  of  the  chest  shows  the  greatest  increase  in 
the  antero-posterior  diameter  in  both  sexes. 
.  This  difference  in  type  between  male  and  female  respiratory 
movements  has  been  ascribed  to  different  causes.  The  most  com- 
mon of  these  is  the  change  brought  about  by  the  costume  ordi- 
narily adoj)ted  by  females.  This  can  hardly  be  an  adequate 
explanation  of  the  phenomenon,  for  we  find  the  same  type  exist- 
ing when  the  tight  garments  are  removed,  and  it  is  apparent  in 
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those  who  have  never  been  constricted  by  tight  clothing,  and  even 
in  cases  where  no  clothing  has  been  used,  as  among  the  inhabi- 
tants of  hot  countries ;  so  that,  though  the  corset  may  induce  an 
exaggeration  of  the  costal  respiration,  by  constricting  the  lower 
ribs  and  interfering  with  the  action  of  the  diaphragm,  it  would 
not  seem  sufficiently  to  account  for  the  normal  costal  type  of 
breathing  found  in  women. 

The  occasional  distention  of  the  abdomen  during  pregnancy 
has  also  been  assigned  as  a  cause  of  the  female  type  of  breathing, 
but  it  is  very  unlikely  that  pregnancy  is  the  sole  agency  in  pro- 
ducing it,  since  in  childhood  the  costal  type  is  marked  in  both 
sexes.  That  this  type  of  breathing  should  be  transmitted  more 
markedly  to  females  from  our  female  ancestors  is,  however,  quite 
possible.  It  is  probable  that  the  abdominal  breathing  of  the 
male  is  also  increased  by  hereditary  transmission,  but  is  origi- 
nally due  to  the  gradual  increase  in  the  development  of  the 
muscles  of  the  upper  extremities  in  males,  causing  a  greater 
fixedness  of  the  upper  ribs  from  which  they  take  origin. 

INSPIRATORY  MUSCLES. 

The  act  of  inspiration  is  not  performed  by  any  single  muscle ; 
indeed,  even  the  most  gentle  and  quiet  respiration  requires  the 
coordinated  action  of  many  sets  of  muscles.  Most  of  these  mus- 
cles have  other  duties  to  perform  besides  helping  to  produce 
respiratory  movements. 

Those  which  are  inspiratory  in  their  functions  are  : — 

1.  The  Diaphragm  with  its  accessory  Quadratus  Lumborum 

to  fix  its  origin  from  the  last  rib. 

2.  I^vatores  costarum  (including  the  scaleni)  with  their 

accessory  intercostals,  which  act  chiefly  as  regulators. 

3.  The  Serratus  posticus  superior. 

The  Diaphragm  is  the  most  important  inspiratory  muscle.  It 
is  the  only  one  which,  unaided,  can  keep  up  the  necessary  tho- 
racic ventilation,  and  in  injury  of  the  spinal  cord,  owing  to  its 
isolated  nervous  supply,  the  diaphragm  may  be  called  upon  to  do 
all  the  inspiratory  work. 
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During  ordinary  quiet  breathing  in  the  male  it  does  the  gTeatej 
part  of  inspiration. 

When  not  in  action,  one  part  of  the  muscular  sheets  of  the  dia- 
phragm lies  in  direct  contact  with 
^"''  '^'  the  inner  surface  of  the  lower  cos- 

tal part  of  the  thoracic  wall,  and 
the  other  (D)  is  higher  than  the 
central  tendon  which  forms  the 
floor  of  the  pericardium,  and  is 
fixed  in  one  position.  During  in- 
spiration these  lateral  parts  are 
separated  from  the  ribs  and  drawn 
below  the  level  of  the  central  ten- 
don by  the  contraction  of  the  mus- 
cular fibres.  The  separation  is  aided 
by  the  abduction  of  the  floating 
ribs,  which  is  accomplished  by  the 
qiiadratus  liimborum  and  the  deep 

Diagram  nf  a  ufllnn  made  venrcallv      ^  ■ 

dorsal  muscles. 

In    order    that    the    diaphragm 
may  act    to    the    best   advantage, 
nTiprnii^nr """'"' '"""""""'"'"    it  is  necessary  that  its  attachments 
l:  L^i'r''''  "'"''■  ^   fi"^*^    ^y   '*i^    °*^^^  muscles ; 

R  Bw"u5iunpeut.hrough.  f*"^  ^l*^"  ^^^  quadratus  lumbonim, 
levatores  and  other  fixing  muscles 
are  not  acting,  the  lower  floating  ribs  are  drawn  in  by  the 
diaphragm,  and  the  power  of  that  muscle  is  much  diminished 
by  the  approximation  of  its  attachments.  This  may  be  seen  in 
spinal  injuries  when  the  inspiration  is  carried  on  by  the  dia- 
phragm alone.  In  these  ca.ses  a  circular  furrow  marks  the  line 
of  attachment  of  the  mu.scle  to  the  tower  ribs  and  their  carti- 
lages, which  are  drawn  inward  during  each  inspiration,  the 
breathing  being,  of  course,  purely  abdominal  in  type. 

The  Quadratus  Lumborum,  which  passes  from  the  pelvis  to  the 
last  rib,  has,  besides  the  action  in  aid  of  the  diaphragm  just 
mentioned,  the  power  of  drawing  down  the  lower  outlet  of  the 
thorax,  in  which  it  is  helped  by  other  abdominal  and  dorsal 
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muscles.  In  this  action  it  may  be  regarded  as  the  antagonist  ot 
the  next  group. 

The  Sca/em  Afutc/es,  which  pass  down  from  the  lateral  aspects 
of  the  cervical  vertebrae  to  the  first  two  ribs,  which  they  raise  so 
as  to  draw  up  the  upper  outlet  of  the  thorax.  The  qtiadratus 
and  scaleni  muscles  thus  act  upon  the  thorax  in  the  same  way 
as  the  hands  in  extending  a  concertina. 

The  Levatffres  Costarum  are  small  muscles,  but  on  account  of 
their  number,  their  aggregate  force  is  much  greater  than  is  com- 
monly thought.     They   are  short,  thick   muscles,  which   pass 


Dingmiu  (howins  interval  bcl 
Ihc  poiilion  aHhe  <lia;|ihra| 

li  ifaowa  by  [he  whEle  inu 


obliquely  downward  and  outward  from  the  transverse  processes 
of  the  dorsal  vertebrae  to  the  angle  of  the  ribs.  Their  only  action 
is  to  raise  the  angle  of  the  ribs,  and  thus  diminish  their  anterior 
and  lateral  downward  slopes;  by  so  doing  they  increase  the 
intervals  between  the  ribs  and  enlarge  the  lateral  and  the  antero- 
posterior diameters  of  the  chest.  Thus  they  are  purely  muscles 
of  inspiration,  and  probably,  acting  with  the  diaphragm  and  the 
scaleni,  are  the  chief  workers  in  ordinary  breathing. 
The  Intercostals  produce  various  effects  on  the  ribs  according 
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to  the  different  sets  of  muscles  with  which  they  act  in  association. 
They  never  act  alone,  and  it  is  therefore  idle  to  try  to  ascribe 
to  them,  any  constant  specific  inspiratory  or  expiratory  action. 
Generally  speaking,  the  intercostals  approximate  the  ribs,  and 
by  this  action  they  stiffen  the  thoracic  wall  and  help  to  elevate 
the  thorax  when  its  upper  part  is  fixed,  or,  when  its  lower  part 
is  fixed,  to  depress  it. 

Now,  if  both  the  upper  and  lower  margins  of  the  thorax  be 
held  firmly  by  strong  muscles,  as  really  occurs  in  inspiration — 
from  the  action  of  the  quadratus  and  scaleni — the  intercostals 
cannot  approximate  the  ribs.  Under  these  circumstances  the 
results  which  follow  their  contraction  will  be  twofold,  viz.  :  (i) 
the  sternum  will  be  pushed  forward,  and  the  antero-posterior 
diameter  of  the  thorax  thus  increased ;  and  (2)  the  spaces 
between  the  ribs,  which  are  widened  by  the  other  muscles,  are 
kept  rigid  and  prevented  from  sinking  inward  when  the  intra- 
thoracic pressure  falls.  When  acting  with  the  elevators  of  the 
ribs  both  intercostal  layers  of  muscle  have  an  inspiratory  effect. 
But  when  the  elevators  of  the  ribs  are  passive  the  intercostals, 
acting  with  the  anterior  abdominal  muscles,  drawdown  the  ribs, 
and  act  as  muscles  of  expiration. 

Extraordinary  Muscles  of  Inspiration. — For  forced  breathing  a 
great  number  of  muscles  are  called  into  play  during  the  inspi- 
ratory effort,  as  may  be  seen  during  pathological  occlusion  of  the 
air  passages,  where  all  the  thoracic,  cervical,  facial,  abdominal 
muscles,  and  even  the  muscles  of  the  extremities,  are  one  after 
another  thrown  into  a  recurring  spasm  before  suffocation  ends 
the  patient's  life. 

Among  the  muscles  which  lend  their  aid  when  more  ener- 
getic inspiratory  movements  are  required,  may  be  mentioned  the 
sterno-mastoidy  which  helps  the  scaleni  to  elevate  the  front  of  the 
thoracic  wall ;  the /^r/^ra/ muscles  and  \kvt  great  serratus,  which 
assist  when  the  arms  are  fixed. 

The  deep  muscles  of  the  tacky  which  straighten  the  spine,  must 
thereby  act  upon  the  ril>s  so  as  to  elevate  them  and  widen  the 
intervals  between  them.  This  straightening  of  the  dorsal  curve 
probably  helps  even  in  quiet  breathing,  and  no  doubt  has  an 
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important  inspiratory  influence  in  forced  respiration.  Owing  to 
the  ribs  being  fixed  to  the  sternum  in  front,  they  can  only  be 
separated  laterally  when  the  dorsal  curve  is  lessened,  and  this 
tends  to  approximate  the  slerniim  and  the  vertebra:,  thus  nar- 
rowing the  antero-posterior  diameter  of  the  thorax.  It  is  in 
preventing  this  flattening  of  the  chest  that  the  intercostals  are 
particularly  useful;  by  holding  the  ribs  together  they  push  for- 
ward the  sternum,  when  the  dorsal  curve  is  extended. 

EXPIRATION. 

During  quiet  breathing  expiration  requires  no  muscular  effort, 
the  expulsion  of  the  air  from  the  ^^^  ^ 

chest  being  accomplished  by  the 
elasticity  of  the  parts. 

A  powerful  expiratory  force  is 
the  elasticity  of  the  lungs,  whiclj 
are  on  the  stretch  even  after  a 
forced  expiration,  and  when  dis- 
tended by  inspiration  are  capable 
of  exerting  considerable  traction 
on  the  thoracic  wall. 

The  ordinary  shape  of  the  elas- 
tic walls  of  the  thorax  when  the 
muscles  are  not  acting,  corresponds 
with  the  position  at  the  end  of 
gentle  expiration ;  therefore  the 
resiliency  of  the  muscles,  costal 
cartilages,  and  other  elastic  tissues 
which  are  stretched  during  inspi- 
ration, tends  to  restore  the  ribs  to 
the  position  of  expiration, 

llie  weight  of  the  thorax   itself,    shows  th«  poaliion  or  ihc  Rlb>  and  the 
_  J   ..LI..-  ■       ..!_       '     .  Spinal  CaJumn  in   oarniLL  form  of  the 

and  the  elastic  gases  in  the  intes-      ihoni,  r.r.,  ih«  luumed  m  eipi». 

tinal  tract,  which  have  been  com-      ' "" 

pressed  by  the  diaphragm,  may  also  help  in  expiration. 

After  death,  when  the  elasticity  of  the  expiratory  muscles  is 
lost,  the  traction  exerted  by  the  lungs  on  the  thorax  reduces  it 
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below  the  size  its  own  elastic  equilibrium  would  tend  to  assume ; 
when,  therefore,  air  is  admitted  to  the  pleural  cavity  by  punc- 
ture, the  thorax  expands  slightly  as  the  lungs  shrink,  and  the 
pressure  on  the  pleural  surface  becomes  equal  to  that  within  the 
bronchi. 

In  forced  expiration,  or  when  the  air  is  used  during  expiration 
for  any  purpose,  such  as  the  production  of  voice,  or  any  blowing 
movement,  a  number  of  muscles  are  called  into  action.  The 
only  muscles  that  could  be  called  exclusively  special  muscles  of 
expiration  are  the  weak  triangularis  sUrni,  serratus  posticus  infe- 
rior y  and  parts  of  the  intercostals ;  but  in  all  violent  and  forcible 
expiratory  efforts  these  are  aided  by  the  abdominal  muscles  form- 
ing the  anterior  wall  of  the  abdomen,  which,  associated  with  the 
intercostals  and  quadratus  lumborum,  are  the  most  powerful  agents 
in  drawing  down  the  thoracic  walls  and  expelling  the  air. 

FUNCTION  OF  THE  PLEURA. 

From  what  has  been  already  said,  it  is  obvious  that  by  far  the 
greatest  amount  of  enlargement  takes  place  in  the  lower  part  of 
the  thorax,  while  the  capacity  of  the  apex  changes  but  little. 
The  increase  of  capacity  in  the  chest  during  inspiration  takes 
place  practically  between  the  costal  wall  and  the  diaphragm 
(compare  Figs.  148,  149).  If  the  lungs  and  the  walls  of  the 
thorax  were  fused  together,  without  the  interposition  of  serous 
membranes,  the  different  parts  of  the  lungs  would  have  to  follow 
the  movements  of  that  part  of  the  thorax  to  which  they  are 
attached.  Thus  the  lower  parts  of  the  lung  would  be  much  dis- 
tended during  in.spiration,  and  the  apices  would  receive  but  little 
addition  to  their  contained  air.  This  condition  is  often  found 
when  disease  of  the  pleura  leads  to  adhesion  of  the  visceral  and 
parietal  layers.  When  such  cases  live  for  some  time  after  the 
pleurisy  and  the  adhesions  persist,  the  air  cells  of  the  lower  mar- 
gins of  the  lungs  are  commonly  found  to  be  distended  and  blood- 
less (/.  e.,  local  emphysema  from  habitual  over  distention);  while, 
on  the  other  hand,  the  apices  become  abnormally  dense,  and  the 
alveoli  are  contracted  and  airless. 

The  surface  of  the  soft  elastic  lung  tissue  is  normally  quite 
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free,  being  encased  in  a  serous  membrane,  the  smooth  surface 
of  which  can  slide  uninterruptedly  and  freely  over  thp  similar 
lining  of  the  costal  wall.  That  this  motion  of  the  lung  actually 
occurs  may  be  seen  from  watching  the  lung  through  the  exposed 
parietal  pleura,  or  recognized  by  studying  the  sounds  produced 
by  a  roughness  of  the  pleura,  such  as  occurs  in  inflammation, 
when  a  '*  friction  sound  **  can  be  detected  by  the  ear. 

The  lungs  move  in  a  definite  direction.  From  the  least  mov- 
able points  of  the  thorax,  namely,  the  apex  and  vertebral  margin, 
they  pass  toward  the  more  movable  inferior  costal  and  sternal 
regions.  In  short,  the  anterior  part  of  the  lungs  passes  down- 
ward and  forward  to  fill  up  the  gap  made  by  the  descent  of  the 
diaphragm  and  by  the  passing  of  the  costal  wall  upward  and 
forward. 

The  position  of  the  inferior  margin  of  the  lung  may  be  easily 
recognized  by  percussion  over  the  liver,  and  may  thus  be  shown 
to  move  up  and  down  with  the  expiration  and  inspiration  re- 
spectively. By  percussion  we  also  find  that  the  space  between 
the  two  lungs  in  front  is  increased  during  expiration  and  dimin- 
ished during  inspiration,  so  that  the  heart  is  more  or  less  covered 
by  lung,  and  the  praecordial  dullness  is  altered  every  time  we 
draw  a  breath. 

By  means  of  this  free  movement  of  the  lungs  in  the  cavities 
lined  by  serous  membrane  the  air  exerts  equal  force  on  the  walls 
of  all  the  air  cells  whether  they  are  situated  in  the  apex  or  base 
of  the  lung,  and  the  alveoli  are  all  equally  filled  with  air. 

If  the  pleural  cavity  be  brought  into  contact  with  the  air, 
either  by  puncture  of  the  thoracic  walls  or  by  rupture  of  the 
visceral  pleura,  the  lung,  owing  to  the  great  elasticity  of  its 
tissue,  shrinks  to  very  small  dimensions,  and  the  pleural  cavity 
becomes  filled  witlLair  (pneumothorax). 

If  air  be  admitted  to  both  pleural  cavities  so  as  to  produce 
double  pneumothorax,  death  must  ensue,  for  if  the  opening 
remain  free  the  motions  of  the  thorax  only  alter  the  quantity  of 
air  in  the  pleural  cavity,  and  cannot  ventilate  the  lungs.  This 
demonstrates  the  important  fact  that  it  is  the  atmospheric  pres- 
sure which,  having  access  to  them  only  through  the  trachea, 
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maintains  the  distention  of  the  elastic  lungs,  and  keeps  them 
pressed  against  the  wall  of  the  thorax. 

The  power  with  which  the  lungs  can  contract  when  the  atmos- 
pheric pressure  is  admitted  to  the  pleura,  has  been  found  after 
death,  without  inflation,  to  be  six  millimetres  of  mercury,  which 
is  probably  below  the  pressure  exerted  during  life,  when  the 
smooth  muscle  of  the  bronchi  is  acting  and  the  tubes  are  free 
from  mucus,  for  this  rapidly  collects  in  the  minute  air  tubes  at 
death,  and  impedes  the  outflow  of  air. 

When  the  lungs  are  inflated  before  the  pleura  is  opened,  the 
pressure  can  easily  be  made  to  rise  to  nearly  i}(  inches  (30  mm. 
mercury). 

From  this  it  would  appear  probable  that  when  the  lungs  are 
stretched  by  inspiration  they  exert  a  negative  pressure  equal  to 
30  mm.,  and  when  the  lungs  are  in  a  position  of  expiration  they 
still  tend  to  contract  with  a  force  of  6  mm.  mercury, 

PRESSURE  DIFFERENCES  IN  THE  AIR. 

The  immediate  effiect  of  the  increase  in  capacity  of  the  chest  is 
that  a  pressure  difference  is  established  between  the  interior  of 
the  thoracic  cavity  and  the  atmosphere. 

The  reduction  in  pressure  produced  in  the  lungs  and  air  i>as- 
sages  by  inspiratory  movements,  or  the  increase  of  pressure 
accompanying  expiration,  is  very  slight  during  ordinary  quiet 
breathing  with  free  air  passages.  But  the  least  impediment  to 
the  entrance  or  to  the  exit  of  the  air  at  once  makes  the  difference 
very  notable. 

It  is  difficult  to  obtain  an  accurate  experimental  estimate  of 
the  variations  in  the  pressure  in  different  parts  of  the  air  passages 
during  quiet  breathing,  because  even  the  most  careful  attempt 
to  measure  the  pressure  causes  an  increase  which  is  still  further 
magnified  by  the  sensitive  muscular  mechanism  of  the  air  pas- 
sages. 

The  variations  in  pressure  occurring  in  the  pulmonary  air  are 
greatest  in  the  alveoli,  and  gradually  diminish  toward  the  larger 
air  tubes,  so  that  they  disappear  at  the  nasal  orifice,  where,  if  no 
impediment  be  placed  to  the  course  of  the  air,  the  pressure  will 
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remain  very  nearly  equal  to  that  of  the  atmosphere.  By  con- 
necting one  nostril  with  a  manometer  and  breathing  through  the 
nose  with  the  mouth  shut,  it  can  be  shown  that  inspiration  causes 
a  negative  pressure  of  about  i  mm.  mercury,  and  expiration  a 
positive  pressure  of  2  to  3  mm. ;  these  results  must  be  divided  by 
two,  since  by  plugging  one  nostril  they  shut  off  half  the  normal 
inlet.  Forced  inspiration  and  expiration  give  respectively —  57 
and  +  87  mm. 

This  great  difference  depends  on  the  elastic  forces  against 
which  the  inspiratory  muscles  act  in  distending  the  thorax,  all 
of  which  assist  in  expiration. 

THE  VOLUME  OF  AIR. 

During  ordinary  respiration  the  volume  of  the  inspiratory  and 
expiratory  stream  of  air  is  surprisingly  small  when  compared 
with  the  volume  of  air  sojourning  in  the  lungs. 

After  an  ordinary  expiratory  act  we  can  force  out  a  great 
quantity  of  air  by  a  voluntary  effort ;  but  even  after  this  is  got 
rid  of  the  lungs  are  still  well  filled.  Some  of  this  residual  oat, 
which  never  leaves  the  chest  during  the  life  of  the  animal,  is 
pressed  out  by  the  elasticity  of  the  lungs  when  the  pleura  is 
opened.  But  a  certain  amount  of  air  cannot  be  removed  in  any 
way  from  the  alveoli.  Even  when  the  lung  is  cut  out  of  the 
chest  and  divided  into  pieces,  enough  air  is  retained  in  the  air 
cells  to  render  it  buoyant.  This  fact  is  relied  on  by  medical 
jurists  as  an  evidence  that  an  infant  has  been  born  alive  and 
distended  the  lungs  with  air,  for  except  breathing  has  been  well 
establi.shed,  the  tolerably  fresh  lung  of  an  infant  will  sink  in 
water. 

In  order  to  have  a  clear  idea  of  the  volume  of  air  at  rest  and 
in  motion  during  pulmonary  ventilation,  it  is  convenient  to  fol- 
low the  classification  from  which  the  nomenclature  in  common 
ase  has  been  borrowed. 

Tidal  air  is  the  current  of  air  which  passes  in  and  out  of  the 
air  passages  in  quiet  natural  breathing.  It  amounts  to  about 
500  cc.  (30  cubic  inches). 

Reserve  air  is  that  volume  which  can  be  voluntarily  emitted 
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after  the  end  of  a  normal  tidal  expiration,  and  which,  therefore, 
during  ordinary  respiration  remains  in  the  lungs  ;  it  is  estimated 
at  about  1500  cc.  (or  nearly  100  cubic  inches). 

Completnental  air  is  that  which  can  be  voluntarily  taken  in 
after  an  ordinary  inspiration  by  a  forced  inspiration ;  it  also 
amounts  to  about  1500  cc,  but  is  not  used  during  ordinary 
breathing. 

Residual  air  is  the  volume  which  remains  in  the  lungs  after  a 
forced  expiration,  that  is  to  say,  which  no  voluntary  effort  can 
remove  from  the  lungs  ;  it  includes  the  air  which  leaves  the  lungs 
when  the  pleura  is  opened  after  death  and  the  air  which  persist- 
ently remains  in  them  after  they  have  collapsed.  This  amounts 
to  about  2000  cc.  (or  about  120  cubic  inches). 

Vital  capacity  is  a  term  meaning  the  greatest  amount  of  air 
that  can  be  emitted  by  a  forced  expiration  immediately  following 
a  forced  inspiration,  so  that  it  equals  the  sum  of  the  tidal, 
reserve  and  complemental  air.  The  vital  capacity  is  estimated 
by  spirometers  of  different  kinds,  and  gives  an  approximate 
measurement  of  (i)  The  capacity  of  the  chest.  (2)  The  power 
of  the  respiratory  muscles.  (3)  The  resistance  offered  by  the 
elasticity  or  rigidity  of  the  walls  of  the  thorax.  (4)  The  work- 
ing capacity  of  the  lungs,  /.  ^.,  their  extensibility  or  freedom  from 
disease.  It,  therefore,  varies  greatly  according  to  the  age,  sex, 
position  of  the  body,  the  occupation,  weight,  height,  the  fullness 
of  the  hollow  viscera  of  the  abdomen,  and  the  pathological  con- 
dition of  the  lungs.  It  can  be  much  increased  by  practice,  and 
this  fact,  apart  from  the  injury  forced  respirations  may  produce 
in  a  morbid  state  of  the  lung,  renders  it  inapplicable  as  a  gauge 
of  pulmonary  disease. 

DIFFUSION. 

From  the  foregoing  it  appears  that  the  volume  of  air  habitually 
sojourning  in  the  lungs  during  natural  respiration,  or  stcUionary 
air,  is  about  3500  cc.  (nearly  220  cubic  inches),  while  the  fresh 
air  introduced  by  each  inspiration  is  only  a  little  over  500  cc.  (30 
cubic  inches),  or,  in  other  words,  about  one-seventh  of  the  air  in 
the  lungs  is  changed  at  each  breath.     Indeed,  the  500  cc.  of  air 
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is  only  just  sufficient  to  fill  the  trachea  and  larger  bronchial  pas- 
sages, so  that  the  fresh  air  does  not  reach  the  pulmonary  alveoli, 
or  directly  replace  any  of  the  air  they  contain.  The  tidal  stream 
is,  however,  brought  into  immediate  relation  with  the  stationary 
air,  and  the  thoracic  movements  cause  them  to  mix  mechanically, 
so  that  rapid  diffusion  takes  place  in  the  minute  bronchi.  Diffu- 
sion is  also  constantly  occurring  between  the  air  of  the  small 
tubes  and  the  terminal  sacs,  and  it  alone  suffices  to  maintain  the 
necessary  standard  of  purity  in  the  air  of  the  alveoli.  If  the 
harmless  gas,  hydrogen,  be  inhaled  during  one  inspiration,  it 
requires  6  to  lo  respirations  to  get  rid  of  the  impurity  from  the 
expired  air.  From  this  it  has  been  inferred  that  this  number  of 
respiratory  acts  would  be  necessary  to  render  the  air  in  the  alveoli 
quite  pure  even  if  no  fresh  impurities  were  allowed  to  enter  from 
the  blood. 

RESPIRATORY  SOUNDS. 

As  the  streams  of  air  enter  the  air  passages  and  lungs  they  pro- 
duce sounds  which  are  of  the  greatest  importance  to  the  physician, 
owing  to  the  manner  in  which  they  become  altered  by  disease. 

A  sound  called  ** bronchial  breathing'*  is  produced  in  the 
large  bronchi  and  trachea,  and  is  like  the  noise  of  air  blowing 
through  a  tube.  This  can  normally  be  heard  over  the  trachea, 
or  at  the  back  between  the  shoulder  blades  over  the  entrance  of 
the  large  bronchi  into  the  root  of  the  lung. 

Another  sound  called  ''vesicular*'  can  be  heard  all  over  the 
chest,  being  most  distinct  where  the  lung  is  most  superficial,  and 
where  other  sounds  are  absent,  as  in  the  subaxillary  region.  It 
is  a  gentle  rustling  sound  caused  by  the  air  passing  into  the 
infundibuli.  It  varies  much  with  the  force  of  respiration  and 
many  other  circumstances.  In  children  up  to  ten  or  twelve 
years  of  age  it  is  remarkably  sharp  and  loud,  and  is  called  '*  pue- 
rile breathing." 

NERVOUS   MECHANISM  OF  RESPIRATION. 

The  movements  of  respiration  go  on  rhythmically  without  any 
voluntary  effort,  and  even  when  we  are  quite  awake  they  occur 
almost  without  our  being  conscious  of  them,  and  repeated  varia- 
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tions  take  place  in  the  rate,  depth  and  general  type  of  our  respi- 
rations without  our  knowledge.  Indeed,  if  this  self-regulating 
arrangement  did  not  exist,  we  should  have  to  devote  our  atten- 
tion to  adapting  our  respiratory  movements  to  the  ever- varying 
requirements  of  the  gas  interchange  of  the  blood. 

Like  all  other  groups  of  skeletal  muscles,  those  which  act  on 
the  thorax  are  regulated  by  nerves,  and  work  together  in  harmony. 
The  coordinated  movements  are  so  far  under  the  control  of  the 
will  that  any  of  the  groups  of  muscles  may  be  employed  sepa- 
rately, or  in  conjunction. 

But  the  respiratory  differ  from  the  other  skeletal  muscles,  in 
that  they  undergo  rhythmical  coordinated  contractions  which  are 
not  directed  by  our  will,  and  can  be  influenced  only  to  a  certain 
extent  by  it,  for  they  cannot  be  made  to  cease  altogether. 

RESPIRATORY  CENTRES. 

The  normal,  rhythmical,  coordinated  movements  of  respira- 
tion are  not  only  brought  about,  but  are  also  regulated  by  an 
involuntary  nervous  mechanism.  Since  we  are  unconscious  of 
its  action,  it  certainly  is  not  dependent  on  the  voluntary  centres. 
The  upper  parts  of  the  brain  cannot  be  needed  for  regular  breath- 
ing, since  (i)  animals  born  with  deficiently  developed  brains 
breathe  rhythmically;  and  (2)  removal  of  the  brain  of  birds, 
etc.,  or  loss  of  voluntary  movement  in  man  (hemiplegia),  causes 
no  interruption  of  the  respiratory  movements.  Injury  to  the 
upper  part  of  the  spinal  cord  causes  death  by  stopping  respira- 
tion. The  regulating  centre  must  then  be  lower  than  the  cerebral 
centres,  and  higher  than  the  cervical  part  of  the  spinal  marrow. 
The  direct  evidence  of  the  seat  of  this  centre  was  found  by 
Flourens,  who  showed  that  a  localized  spot  exists  in  the  medulla 
oblongata,  injury  of  which  causes  instant  cessation  of  the  res- 
piratory movement. 

This  vital  point,  nmid  vital ^  is  situated  in  the  floor  of  the 
fourth  ventricle,  near  the  point  of  the  calamus  scriptorius,  and  is 
now  commonly  spoken  of  as  the  respiratory  centre.  It  is  con- 
venient to  suppose  that  there  are  two  groups  of  cells,  one  presiding 
over  the  inspiratory  and  the  other  over  the  expiratory  muscles. 
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From  this  centre  the  impulses  which  give  ri^e  to  the  all- 
important  respiratory  movements  rhythmically  pass  down  the 
spinal  cord  and  nerves.  So  long  as  the  nervous  communication 
between  the  centre  and  the  muscles  is  intact  the  movements  go 
on  with  undisturbed  regularity  ;  if  it  be  cut  off,  or  the  centre  be 
destroyed,  respiration  instantly  stops. 

Excitation  of  RespircUory  Centre. — What  keeps  this  centre 
active  ?  It  has  been  already  stated  that  all  the  conditions  of  the 
body  which  cause  an  increased  tissue  change,  use  up  a  greater 
amount  of  oxygen  and  give  off  more  carbonic  acid,  therefore  are 
accompanied  by  more  active  movements  of  the  respiratory  mus- 
cles. From  this  it  would  appear  that  there  exists  some  relation 
between  the  activity  of  the  respiratory  centre  and  the  condition 
of  the  blood,  a  deficiency  of  oxygen  or  an  excess  of  carbonic  acid 
gas  calling  forth  increased  action.  One  has  only  to  hold  one's 
breath  as  long  as  possible,  and  note  the  series  of  rapid  and  deep 
respirations  that  follow  such  a  temporary  impediment  to  the 
proper  oxygenation  of  the  blood,  in  order  to  see  that  this  invol- 
untary respiratory  centre  is  profoundly  influenced  by  a  deficiency 
of  oxygen.  Experimentally,  it  can  be  shown  that  the  centre  is 
excited,  in  a  great  measure,  at  least,  by  the  poorly  oxygenated 
blood  flowing  through  the  medulla,  and  possibly  also  by  the 
action  of  the  venous  blood  circulating  through  distant  .organs, 
and  reflexly  affecting  the  centre.  It  has  also  been  shown  that 
the  temperature  of  the  blood  circulating  through  the  medulla 
affects  the  activity  of  the  centre,  for,  if  the  blood  in  the  carotids 
be  warmed,  the  respiratory  movements  become  more  rapid. 

The  respiratory  centre  is  a  good  example  of  what  is  called  an 
''automatic  nerve  centre,*'  not  depending  upon  the  arrival  of 
nerve  impulses  from  afar  for  its  excitation,  nor  merely  reflecting 
the  influences  of  other  centres,  but  acquiring  its  energy  from  its 
nutritive  income  and  the  thermal  condition  of  the  warm  blood 
which  flows  through  it. 

So  long  as  the  amount  of  oxygen  flowing  through  the  centre 
is  kept  up  to  a  certain  standard,  the  normal  excitability  of  the 
centre  continues,  and  we  have  natural  quiet  breathing,  called 
Eupnaa.     When  the  oxygen  falls  below  the  normal  standard. 
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the  respiratory  centre  becomes  more  excitable,  and  more  active 
movements  or  *  *  difficulty  of  breathing  ' '  called  Dyspncsa  is  pro- 
duced. 

If  the  theory  that  a  deficiency  of  oxygen  is  the  normal 
stimulus  to  action  of  the  respiratory  centre  be  correct,  a  super- 
abundant quantity  should  diminish  the  activity  of  the  centre, 
and  a  condition  the  opposite  of  dyspnoea  would  be  produced. 
This  is  difficult  to  show  in  natural  breathing,  though  every  one 
knows  the  efficiency  of  taking  a  few  deep  breaths  before  a  dive 
into  water  or  an  attempt  to  hold  the  breath.  With  artificial 
breathing,  if  the  movements  be  carried  on  very  energetically  for 
some  time,  and  then  be  stopped,  the  animal  will  not  at  first 
attempt  to  breathe,  but  after  a  short  time,  somewhat  less  than  a 
minute,  gentle  and  slow  respiratory  movements  commence.  This 
cessation  of  breathing,  called  apnosay  depends  upon  the  blood 
being  so  charged  with  oxygen  that  it  no  longer  acts  as  a  stimulus 
to  the  centre. 

It  is  probable  that  dyspnoea  is  produced  by  a  deficiency  in 
oxygen  rather  than  by  an  excess  of  carbonic  acid  gas.  This  is 
proved  by  the  fact  that  it  occurs  when  the  carbon  dioxide  is 
removed  from  the  blood  by  breathing  air  which  is  free  from 
CO,,  and  is  only  deficient  in  oxygen,  and,  secondly,  because  an 
excess  of  CO,  gas  in  the  air  causes  a  drowsy  condition  rather 
than  an  active  dyspnoea. 

/Regulation  of  Resfiratory  Activity. — Although  the  respiratory 
centre  is  in  the  common  sense  automatic,  yet  it  is  constantly  affected 
by  many  influences  coming  from  other  parts,  which  reflexly  mod- 
ify the  respiratory  movements.  Thus  mental  emotions  variously 
influence  both  the  rate  and  depth  of  breathing,  sometimes  caus- 
ing more  rapid  and  sometimes  slower  respiratory  action.  The 
application  of  stimulus  to  almost  any  part  of  the  air  passages 
completely  changes  the  respiratory  rhythm,  as  may  be  seen  by 
irritating  the  nasal  mucous  membrane.  The  ordinary  sensory 
nerzYS  jxissing  from  the  skin  are  also  capable  of  exciting  respira- 
tory movements.  This  is  well  shown  by  the  gasping  that  follows 
the  sudden  application  of  cold  to  the  body.  It  is  along  these 
sensory  nerves  that  one  tries  to  transmit  impulses  by  applying 
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mechanical,  thermal  or  other  stimulus  to  the  skin  of  a  new-born 
infant,  whose  respiratory  centre  having  been  kept  long  in  the 
condition  of  apncea,  is  slow  to  respond  to  an  exciting  influence 
caused  by  a  deficiency  of  oxygen. 
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Experiment  proves  that  most,  if  not  all,  afferent  nerves  can 
affect  the  respiratory  centre,  either  by  increasing  or  reducing  its 
activity ;  but  there  is  one  special  nerve,  namely,  the  pntumogas- 
tric  or  vc^s  and  its  branches,  which  have  both  these  capabilities 
developed  to  such  a  degree  that  they  must  be  regarded  as  the 
regulating  nerves  of  respiration. 

Though  section  of  one  vagus  has  little  or  no  effect  on  respira- 
tion, if  the  two  vagi  be  cut  a  marked  change  takes  place  in  the 
respiratory  rhythm.  The  rate  of  the  inspiration  is  reduced  to 
leiss  than  half  the  normal  rate,  while  each  breath  becomes  deep 
and  prolonged,  so  that  the  respiratory  function  of  the  lungs  goes 
on  for  some  time  unimpaired,  and  the  haemoglobin  of  the  blood 
receives  the  due  amount  of  oxygen.  Although  the  character  of 
the  breathing  is  completely  changed,  from  the  rapid  gentle  motion 
of  natural  respiration  to  a  series  of  slow  deep  gasps,  the  air  vol- 
umes per  minute  and  the  chemical  changes  remain  the  same.  If 
the  central  end  of  the  cut  vagus  be  now  stimulated  gently,  the 
rate  of  the  respiratory  movements  may  again  be  quickened  to 
the  normal.  If  the  stimulus  be  very  strong,  respiratory  spasm 
can  be  produced.  On  the  other  hand,  if  the  central  end  of  the 
cut  superior  laryngeal  branch  of  the  vagus  be  stimulated,  breath- 
ing becomes  slow,  and  can  be  made  to  cease  in  the  position  of 
ordinary  expiration,  while  a  violent  spasm  of  the  laryngeal  and 
expiratory  muscles  is  caused. 

So  that  in  the  pneumogastric  nerve,  fibres  exist  which  convey 
impulses  of  two  kinds  to  the  inspiratory  centre ;  the  one  increases 
its  excitability  and  hastens  the  discharges  of  inspiratory  impulses, 
the  other  decreases  its  irritability  and  checks  the  inspiratory 
movement.  The  marked  change  just  described  as  occurring  when 
the  two  pneumogastrics  are  cut  proves  that  these  afferent  influ- 
ences are  constantly  at  work,  quickening  the  respiratory  rhythm. 
We  may  assume  that  the  slow,  deep  respirations  which  follow 
section  of  the  vagi  are  caused  by  the  imregulated  automatic 
action  of  the  inspiratory  centre.  No  impulse  is  discharged  until 
the  venosity  of  the  blood  in  the  centre  arrives  at  a  certain  point, 
and  then  the  accumulated  energy  is  sent  to  the  respiratory  mus- 
cles, and  a  deep  gasping  inspiration  occurs,  and  thus  each  respi- 
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ratory  act  is  called  forth  by  the  brood  becoming  so  venous  as  to 
act  as  a  powerful  stimulus. 

So  long  as  the  centre  is  stimulated  by  the  regulating  influence 
of  the  vagi  this  venous  condition  is  not  allowed  to  occur,  the 
intense  excitation  of  the  centre  is  thereby  prevented,  and  the 
necessary  movements  performed  with  a  minimum  of  muscle 
energy. 

The  exact  mode  of  stimulation  of  the  pulmonary  terminals  of 
the  afferent  fibres  of  the  pneumogastric  is  not  certain.  It  has 
been  suggested  that  distention  or  retraction  of  the  lungs  may  act 
as  a  mechanical  stimulus  to  fibres  inhibiting  and  exciting  respec- 
tively the  inspiratory  centre.  Each  expansion  of  the  lungs  calls 
forth  the  ensuing  relaxation,  and  the  relaxed  state,  in  its  turn, 
induces  a  new  inspiration,  and  thus  the  lungs  themselves  are  able 
to  guide  the  thoracic  movements  by  means  of  the  pneumogas- 
trics. 

The  expiratory  part  of  the  centre  probably  takes  no  part  in 
ordinary  breathing,  but  is  called  into  play  in  dyspnoea,  vocal 
use  of  the  expiratory  blast  of  air,  and  in  various  modified  respi- 
ratory movements. 

MODIFIED  MOVEMENTS  OF  THE  RESPIRATORY  MUSCLES. 

Besides  the  ordinary  respiratory  motions  and  the  voluntary 
modifications  made  use  of  in  speaking,  singing,  etc.,  the  muscles 
of  respiration  perform  a  series  of  movements  of  an  involuntary 
reflex  nature  indicative  .of  certain  emotions  and  mental  states. 

They  will  be  seen  to  resemble  each  other  in  the  mechanism  of 
their  production,  though  differing  essentially  in  expression.  The 
following  are  the  more  important : — 

Coughing  is  caused  by  a  stimulus  applied  to  certain  parts  of 
the  air  passages,  but  more  particularly  to  the  larynx ;  the  stimu- 
lus passing  along  the  superior  laryngeal  branch  of  the  pneumo- 
gastric. It  consists  of  a  deep  inspiration,  closure  of  the  glottis, 
and  then  a  more  or  less  violent  expiratory  effort,  accompanied 
by  two,  three,  or  more  sudden  openings  and  closures  of  the  glot- 
tis, so  that  rapidly  repeated  blasts  of  air  pass  through  the  upper 
air  passages  and  mouth,  which  is  generally  held  oi)en. 
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Sneezing  is  caused  by  a  stimulus  applied  to  the  nose  or  eyes, 
the  impulses  being  carried  to  the  respiratory  centre  by  the  nasal 
and  other  branches  of  the  5th  nerve.  It  consists  of  a  deep  inspi- 
ration and  closure  of  the  glottis,  followed  by  a  single  explosive 
expiration  and  sudden  opening  of  the  glottis  and  posterior  nares 
and  facial  distortion. 

Sneezing  is  a  purely  reflex  act,  since  it  is  impossible  to  produce 
it  voluntarily,  except  indirectly  by  the  stimulation  of  the  nasal 
mucous  membrane  with  some  irritating  substance. 

Laughing  consists  of  a  full  inspiration,  followed  by  a  long 
series  of  very  short,  rapid,,  expiratory  efforts.  The  facial  muscles 
are  at  the  same  time  thrown  into  a  characteristic  set  of  move- 
ments. 

Crying  is  made  up  of  a  series  of  short,  sudden  expirations, 
accompanied  by  peculiar  facial  contortions,  lachrymal  secretion, 
and  usually  associated  with  the  following : — 

Sobbing  consists  of  a  rapid  series  of  convulsive  inspiratory 
efforts,  causing  but  little  air  to  enter  the  chest,  followed  by  one 
long  expiration. 

Sighing  is  a  long,  slow  inspiration,  quickly  followed  by  a  cor- 
responding expiration. 

Yawning  is  a  very  long,  deep  inspiration,  completely  filling 
the  chest.  It  is  accompanied  by  a  j)eculiar  depression  of  the 
lower  jaw,  wide  open  mouth,  facial  movements,  and  commonly 
stretching  of  the  limbs. 

Hiccough  is  an  unexpected  inspiratory  spasm,  chiefly  of  the 
diaphragm,  the  entrance  of  the  air  being  checked  by  the  sudden 
closure  of  the  glottis. 
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CHAPTER  XIX. 
THE  CHEMISTRY  OF   RESPIRATION. 

The  simplest  way  to  investigate  the  study  of  the  gas  inter- 
change that  takes  place  in  the  lungs,  between  the  air  and  the 
blood,  is  to  compare  the  composition  of  the  expired  air  with  that 
of  the  atmosphere,  and  from  the  alteration  found  to  have  taken 
place  during  the  tidal  current  we  arrive  at  the  changes  which 
the  air  undergoes  during  its  journey  in  and  out  of  the  air  pas- 
sages, and  we  then  examine  the  venous  and  arterial  blood  in 
order  to  ascertain  the  changes  the  blood  undergoes  in  becoming 
arterial. 

The  atmosphere  is  made  up  of  a  mixture  of  nitrogen  and 
oxygen  with  a  variable  amount  of  moisture  and  a  minute  pro- 
portion of  carbonic  acid. 

The  following  table  gives  the  volume*  of  the  gases  in  dried 
air: — 

Oxygen, 20.96  per  cent.,  or  about  21  per  cent. 

Nitrogen, 79.02       "  "  79      " 

Carbonic  dioxide,   ....  0.02-0.06      '*  "4  pf^i'ts  in  10,000. 

The  amount  of  moisture  contained  in  the  air  is  very  variable, 
and  depends  in  a  great  measure  upon  the  temperature  and  the 
direction  of  the  wind.  The  dampness  of  the  air  depends  upon 
the  temperature,  so  that  air  containing  the  same  absolute  amount 
of  moisture  may  be  relatively  dry  or  damp,  according  as  the 
temperature  rises  or  falls.  As  a  general  rule  the  air  is  relatively 
dry,  that  is  to  say,  it  does  not  contain  so  much  moisture  as  it  is 
capable  of  taking  up  in  the  form  of  aqueous  vapor  at  its  ordi- 
nary temperature.  At  certain  times  of  the  day  the  air  may  be 
saturated,  owing  to  a  sudden  fall  of  temperature. 

The  temperature  of  the  air 'which  we  breathe  varies  consider- 

*  On  account  of  the  difference  in  the  atomic  weights,  the  atmosphere  being  only  a 
mechanical  mixturg  of  the  gases,  the  proportion  by  tvtighi  is  slightly  different,  being 
about — Oxygen  23  per  cent..  Nitrogen  77  per  cent. 
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ably,  according  to  the  season  of  the  year,  etc.,  but  ahnost  always 
in  this  country  it  is  lower  than  that  of  our  bodies. 

EXPIRED  AIR. 

The  following  are  the  notable  characters  in  the  tidal  air  on 
its  leaving  the  air  passages : — 

1.  It  is  rich  in  CO,,  containing  in  quiet  breathing  on  an  aver- 
age 4.38  per  cent,  instead  of  .04  per  cent. 

2.  It  is  poor  in  O,  containing  about  4.5  per  cent,  less  than  the 
atmosphere,  /.  ^.,  16.46  per  cent.* 

3.  A  slight  increase  in  the  N  has  been  observed,  possibly  the 
outcome  of  nitrogenous  metabolism. 

4.  The  temperature  of  the  air  is  approximated  to  that  of  the 
body,  and  it  therefore  commonly  exceeds  the  temperature  of  the 
air  inspired.  The  air  on  leaving  the  air  passages  is  about  36.5® 
C.  This  is  not  much  influenced  by  the  temperature  of  the 
atmosphere,  as  may  be  seen  from  Valentine's  Table : — 

Temperature  of  the  Atmosphere  and  of  Expired  Air. 

—    6.3OC.  =  4- 29.8°  C. 

+  17.0°  C.  =  +  36.2®  C. 

+  44.0°  C.  =  +  38.5°  C. 

It  can  be  seen  from  the  last  statement  that  very  hot  air 
(-}-  44*^  C.)  if  breathed  is  cooled  in  its  transit  through  the  air 
passages. 

5.  In  quiet  breathing  the  expired  air  is  saturated  with  moist- 
ure ;  in  rapid  breathing  this  is  not  the  case.  It  must  be  remem- 
bered that  the  air  when  warm  is  capable  of  holding  a  greater 
quantity  of  vapor  than  when  it  was  inspired.  The  difference 
can  be  best  appreciated  in  cold  weather,  when  the  vapor  of  the 
warm  expired  air  is  condensed  on  meeting  the  cold  atmosphere. 
Great  quantities  of  water  and  heat  are  given  off"  in  producing  this 
saturation. 

6.  If  the  tidal  air  be  dried  and  cooled  and  measured  at  a  certain 
pressure  before  and  after  respiration,  it  is  found  that  the  expired 
air  has  lost  about  -^  of  its  volume.  But  owing  to  the  expansion 
from  the  increased  temperature  and  the  presence  of  the  vapor, 
the  volume  of  air  when  expired  is  greater  than  that  inspired. 


EXPIRED   AIR. 
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If  the  oxygen  were  all  used  to  make  CO,,  these  volumes  ought 
to  be  the  same,  for  the  volume  of  CO,  is  equal  to  that  of  the  O  it 
contains,  if  set  free.  The  volume  CO,  given  off  is,  however,  only 
about  4.38  to  4.5  volumes  of  O  taken  in,  so  that  part  of  the  O 
must  be  used  in  some  other  way,  probably  in  forming  H,0  and 
urea. 

7.  The  expired  air  is  also  said  to  contain  traces  of  the  fol- 
lowing impurities :  (i)  ammonia^  ^)  hydrogen,  (3)  carburetted 
hydrogen  (CHJ,  (4)  organic  matter.  These,  and  probably 
other  impurities,  give  the  breath  its  peculiar  odor  and  noxious 
properties,  for  an  atmosphere  rendered  *' stuffy"  by  expired  air 
is  much  more  injurious  to  health  than  an  atmosphere  in  which  a 
similar  deficiency  of  O  or  excess  of  CO,  had  been  artificially  pro- 
duced by  chemical  means ;  this  fact  ought  to  be  remembered 
when  calculating  the  ventilation  required  for  hygienic  purposes. 
The  following  table  may  assist  in  comparing  the  atmosphere  with 
the  expired  air  : — 


Atmosphere. 


x>4  per  cent. 
20.81 
79.'5        " 

about  logrms.  to  i 
cubic  metre. 


Expired  Air. 


4.38  per  cent. 
16.03        " 

79.55        " 
29.8°  C.-38.5O  C. 

about  40  grms.  to  i  cubic 

metre. 

(apparently  increased,  ab- 

(     solute  ly  reduced  ^. 

(  NH,,  H,CH4,  andpoison- 

(     ous  organic  matter. 


About  one-seventh  of  the  O  which  is  used  does  not  take  part  in 
the  production  of  the  CO,,  but  this  proportion  may  vary  greatly. 
Thus,  the  estimation  of  the  CO,  can  give  no  sure  guide  to  the 
amount  of  O  taken  up ;  and  each  gas  has  to  be  estimated  sepa- 
rately if  an  accurate  measurement  be  required. 

The  average  amount  per  diem  may  be  said  to  be : — 

Carbon  dioxide  given  off  about 800  grammes. 

Oxygen  consumed  "      700        " 

Water  given  off  *♦      500         *• 

The  amounts  of  O  taken  up  and  of  CO,  given  off  differ  in 
30 
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different  individuals  and  in  the  same  individuals  under  varying 
circumstances,  among  which  the  following  may  be  enumerated  : — 

1.  Increase  in  the  rapidity  or  the  depth  of  respiratory  move- 
ments, accompanied  by  an  increase  in  the  tidal  stream,  produces 
an  increase  of  the  total  amount  of  CO,  given  off,  while  the  per- 
centage in  the  volume  of  expired  air  is  diminished. 

2.  It  varies  with  age.  The  amount  increases  with  age  up  to 
30  years,  and  then  remains  constant. 

3.  Sex  ;  is  less  in  women  than  in  men,  but  it  increases  in  preg- 
nancy. 

4.  With  muscular  activity  it  is  notably  increa.sed. 

5.  Change  of  temperature  of  the  air  has  a  marked  influence 
on  the  CO2  output  of  cold-blooded  animals,  which  is  increased  in 
direct  proportion  to  the  elevation  of  temperature.  The  effect  on 
warm-blooded  animals  is  the  opposite,  so  long  as  they  can  regulate 
their  temperature.  The  sustentation  of  the  body  temperature  in 
cold  weather  is  accompanied  by  a  distinct  increase  in  the  output 
of  carbon  dioxide. 

6.  The  time  of  day  :  a  maximum  is  arrived  at  about  midday 
and  a  minimum  about  midnight. 

7.  An  increase  in  the  amount  of  carbon  dioxide  in  the  atmos- 
phere diminishes  the  amount  given  off  from  the  lungs. 

CHANGES  THE  BLOOD  UNDERGOES  IN  THE  LUNGS. 

In  order  to  understand  how  the  oxygen  and  the  carbonic  acid 
pass  to  and  from  the  blood  in  the  pulmonary  capillaries  we  must 
know  the  relationship  of  these  gases  to  the  blood  in  the  arterial 
and  venous  sides  of  the  circulation. 

In  the  chapter  on  the  blood  (pp.  243,  244)  it  is  stated  that 
both  the  oxygen  and  the  carbon  dioxide  can  be  removed  from 
the  blood  by  the  mercurial  air  pump,  and  that  the  greater  part 
of  these  gases  are  chemically  united  with  some  of  the  constituents 
of  the  blood,  and  that  a  different  quantity  of  each  gas  is  found  in 
arterial  and  venous  blood.  Now  that  we  know  the  change  from 
the  venous  to  the  arterial  condition  to  take  place  during  the 
passage  of  the  blood  through  the  pulmonary  capillaries,  where 
it  is  exposed  to  the  air,  we  may  assume  that  the  acquisition  of 
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oxygen  and  the  loss  of  CO.^  form  the  essential  difference  between 
venous  and  arterial  blood. 

From  either  kind  of  blood  about  60  volumes  of  gas  may  be 
extracted  from  every  100  volumes  of  blood  with  the  mercurial 
gas  pump.  The  composition  of  this  gas  varies  considerably  in 
venous,  but  not  very  much  in  arterial  blood.  An  average  is 
given  in  the  following  table : — 


0  voU.  i. 

CO  vols.  Jt 

N  vols.  ^. 

20 

8-10 

39 
46-50 

1-2 
1-2 

Arterial, 

Venous  (about),    .    .    . 

The  more  rapidly,  after  bleeding,  the  gases  are  removed,  the 
greater  is  the  proportion  of  O  that  can  be  obtained,  as  delay 
allows  some  of  it  to  combine  with  easily  oxidized  substances  in 
the  blood  itself.  The  amount  of  oxygen  varies  in  different  parts 
of  the  venous  system.  In  the  blood  of  an  animal  dying  of  slow 
asphyxia  only  traces  of  oxygen  can  be  found,  and  these  soon  dis- 
appear after  death. 

The  proofs  that  O  is,  for  the  most  part,  in  chemical  combination 
with  the  haemoglobin  of  the  red  blood  corpuscles,  and  not  merely 
absorbed,  as  one  might  be  led  to  suppose  from  its  coming  away 
when  the  pressure  is  reduced,  are  numerous  and  satisfactory. 

1.  When  arterial  blood  is  submitted  to  gradual  diminution  of 
pressure  in  the  mercurial  air  pump  the  oxygen  does  not  come 
away  in  accordance  with  the  established  law  of  the  absorption  of 
gases  (Henry-Dalton)  by  coming  off  in  proportion  to  the  dimi- 
nution of  the  pressure.  At  first  only  traces  appear  (probably  the 
small  amount  really  dissolved),  and  when  the  pressure  has  been  re- 
duced to  a  certain  point,  about  one-fifth  of  that  of  the  atmosphere, 
the  oxygen  comes  off  suddenly ;  after  which  little  more  can  be 
obtained  by  further  reduction  of  pressure.  Haemoglobin  com- 
bines with  O  in  the  same  way,  very  rapidly  at  first,  even  when 
the  pressure  is  low. 

2.  If  the  oxygen  were  only  in  a  state  of  absorption,  the  blood, 
while  passing  through  the  pulmonary  capillaries,  could  only  take 
up  about  0.4  vohime  per  cent.,  which  would  be  inadecjuate  for 
life.  We  know  that  the  quantity  of  O  going  to  the  blood  from 
the  air  in  the  alveoli  cannot  well   be  explained  on  physical 
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grounds  alone ;  and  when  an  animal  dies  of  asphyxia  from  want 
of  ventilation  in  a  limited  space,  all  the  O  of  the  air  in  the  space 
is  absorbed.  Since  the  partial  pressure  of  the  O  in  the  chamber 
falls  to  zero  while  some  still  exists  in  the  haemoglobin,  it  cannot 
be  the  pressure  which  makes  the  O  pass  into  the  blood. 

3.  Another  conclusive  proof  that  the  union  of  the  O  with  the 
haemoglobin  is  really  a  chemical  one,  is  given  by  the  spectroscopic 
examination  of  a  haemoglobin  solution.  When  deprived  of  its 
O,  and  after  the  admixture  of  the  air,  quite  dissimilar  spectra 
are  seen,  as  already  pointed  out  in  Chapter  xiv.     (Fig.  155,  p. 

357-) 

4.  The  amount  of  ()  taken  up  by  the  blood  is  not  always  in 

proportion  to  the  pressure  of  that  gas,  but  rather  to  the  amount 
of  haemoglobin  in  the  blood ;  and  we  therefore  find  the  adequacy 
of  the  respiratory  function  of  the  blood  going  hand  in  hand  with 
its  richness  in  haemoglobin,  and  thus  the  **  shortness  of  breath  '* 
of  anaemic  and  chlorotic  individuals  is  explained. 

5.  The  oxygen  can  be  displaced  by  the  chemical  union  of  other 
gases  with  the  haemoglobin. 

Our  knowledge  concerning  the  relation  of  the  COj  to  the  con- 
stituents of  the  blood  is  less  definite. 

It  does  not  all  exist  as  a  mere  physical  solution,  for  it  comes 
off  irregularly  under  the  air  pump,  and  does  not  exactly  obey 
the  Henry-Dalton  law  of  the  absorption  of  gases.  Part  comes 
off  easily  and  part  with  diflficulty.  It  is  not  associated  with  the 
corpuscles,  for  more  of  this  gas  can  be  obtained  from  serum  than 
from  a  like  quantity  of  blood.  It  is  more  easily  removed  from 
the  blood  than  from  the  serum,  a  certain  proportion  (about  7  per 
cent,  of  the  whole)  remaining,  in  the  serum  in  vacuo,  until  dis- 
sociated by  the  addition  of  an  acid  or  a  piece  of  clot  containing 
corpuscles.  If  bicarbonate  of  soda  be  added  to  blood  from  which 
all  the  gas  has  been  removed,  still  more  COj  can  be  pumped  out, 
from  which  it  would  appear  that  something  exists  in  the  blood 
capable  of  dissociating  CO.^  from  sodium  bicarbonate. 

It  has  been  suggested  that  the  CO,  is  in  some  way  associated 
(possibly  as  sodium  bicarbonate)  with  the  plasma  of  the  blood, 
and  that  the  corpuscles  have  the  power  of  acting  like  a  weak 
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acid,  and  of  dissociating  it  from  the  soda,  and  thus  raising  its 
tension  in  the  blood.' 

The  great  importance  of  the  chemical  nature  of  the  imion 
between  the  O  and  haemoglobin  for  external  respiration  becomes 
most  striking  when  the  actual  manner  in  which  the  entrance  of 
the  O  is  effected  is  taken  into  account. 

It  must  be  remembered  that  the  further  we  trace  the  air  down 
the  passages,  the  less  will  be  the  percentage  of  O  found  in  it,  and, 
therefore,  a  less  pressure  exerted  by  that  gas.  This  is  shown  by 
the  fact  that  the  air  given  out  by  the  latter  half  of  a  single  ex- 
piration has  less  O  and  more  CO,  than  that  of  the  first  half.  The 
most  impure  air  lies  in  the  alveoli  of  the  lungs,  for,  since  the 
tidal  air  scarcely  fills  the  larger  tubes,  the  air  in  the  alveoli  is 
only  changed  by  diffusion  with  the  impure  air  of  the  small 
bronchi.  Any  impediment  to  the  ordinary  ventilation  of  the 
alveoli  so  reduces  the  percentage,  and,  therefore,  the  tension  of 
the  O,  that  it  would  probably  sink  below  that  in  the  blood,  and 
in  that  case,  were  it  not  a  chemical  union,  the  .0  would  escape 
more  readily  from  the  blood  in  proportion  as  its  tension  in  the 
blood  exceeded  that  of  the  air  of  the  alveoli.  We  know,  how- 
ever, that  the  blood  retains  a  considerable  quantity  of  oxygen 
even  in  the  intense  dyspncea  of  suffocation. 

In  the  same  way  the  difference  of  tension  of  the  CO,  in  the 
alveolar  air  and  in  the  blood  hardly  explains  the  steady  manner 
in  which  the  CO,  escapes,  and  it  has,  therefore,  been  suggested 
that  this  escape  also  depends  in  some  way  upon  a  chemical  pro- 
cess, possibly  connected  with  the  union  of  the  O  and  haemoglobin ; 
because  the  admission  of  O  to  the  blood  seems  to  facilitate  the 
exit  of  the  CO,. 

The  following  table  gives  the  approximate  tension  of  the  two 
gases  in  the  different  steps  of  the  interchange  in  the  case  of  dogs 
with  a  bronchial  region  occluded  so  that  the  air  it  contained 
could  be  examined.  It  shows  that  the  tensions  are  such  as  to 
enable  physical  absorption  to  take  some  share  in  the  entrance  of 
the  O  as  well  as  in  the  escape  of  the  COj.  A  sejjarate  column 
gives  the  volumes  per  cent,  of  each  gas,  corresponding  to  these 
tensions  as  compared  with  the  atmospheric  standard.    The  phys- 
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ical  process  must  occur  before  the  oxygen  and  the  haemoglobin 
meet,  since  the  latter  is  bathed  in  the  plasma,  and  further  sepa- 
rated from  the  alveolar  O  by  the  vessel  wall  and  epithelium. 


In  arterial  blood. 
In  venous  blood,  . 
In  air  of  alveoli,  . 
In  expired  air,  .   . 
In  atmosphere,     . 


CO, 

0 

• 

Tension 
in  mm.  Hg. 

Correspond- 
ing Volume 
per  cent. 

Tension 
in  mm.  Hg. 

Correspond- 
ing Volume 
per  cent. 

!             31. 

41. 
27. 

"'•  « 
038 

3.8 
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38 

0.04 

1 

99.6 
33. 

2744 
136.3 

158. 

1 

39 

3.6 
16.6 
30. 8 

INTERNAL  RESPIRATION. 

The  arterial  blood,  while  flowing  through  the  capillaries  of  the 
systemic  circulation  and  supplying  the  tissues  with  nutriment, 
undergoes  changes  which  are  called  internal  or  tissue  respiration, 
and  which  may  be  shortly  defined  to  be  the  converse  of  pul- 
monary or  external  respiration.  In  the  external  respiration  the 
blood  is  changed  from  venous  to  arterial ;  whereas  in  internal 
respiration  the  blood  is  again  rendered  venous. 

There  can  now  be  no  doubt  that  these  chemical  changes  take 
place  in  the  tissues  themselves,  and  not  in  the  blood  as  it  flows 
through  the  vessels.  The  amount  of  oxidation  that  takes  place 
in  the  blood  itself  is  indeed  very  small.  The  tissues,  however, 
along  with  the  substances  for  their  nutrition,  extract  a  certain 
part  of  the  O  from  the  blood.  In  the  chemical  changes  which 
take  place  in  the  tis.sues,  they  use  up  the  oxygen,  which  rapidly 
disappears,  the  tension  of  that  gas  becoming  very  low ;  at  the 
same  time  other  chemical  changes  are  indicated  by  the  appear- 
ance of  COj.  The  disappearance  of  the  O  and  the  manufacture 
of  CO,  do  not  exactly  correspond  in  amount,  and  they,  doubtless, 
often  vary  in  different  parts  and  under  different  circumstances. 
Of  the  intermediate  steps  in  the  tissue  chemistry  we  are  ignorant. 
We  do  not  know  the  way  in  which  the  oxygen  is  induced  by  the 
tissues  to  leave  the  haemoglobin ;  we  can  only  say  that  the  tissues 
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have  a  greater  affinity  for  O  than  the  haemoglobin  has,  and  they 
at  once  convert  the  O  into  more  stable  compounds  than  oxy- 
haemoglobin,  and  ultimately  manufacture  CO,,  which  exists  in 
the  tissues  and  fluids  of  the  body  at  a  higher  tension  than  even  in 
the  venous  blood. 

RESPIRATION  OF  ABNORMAL  AIR,  ETC. 

The  oxygen  income  and  carbonic  acid  output  are  the  essential 
changes  brought  about  by  respiration,  therefore  the  presence  of 
oxygen  in  a  certain  proportion  is  absolutely  necessary  for  life. 
The  21  per  cent,  of  O  of  the  atmosphere  suffices  to  saturate  the 
haemoglobin  of  the  blood,  and  14  per  cent,  of  O  has  been  found 
to  be  capable  of  sustaining  life  without  producing  any  marked 
change  in  respiration. 

Dyspnoea  is  produced  by  an  atmosphere  containing  only  7.5 
per  cent,  of  O.  This  dyspnoea  rapidly  increases  as  the  percent- 
age of  O  is  further  decreased,  and  when  it  gets  as  low  as  3  per 
cent,  suffocation  speedily  ensues. 

The  output  of  CO,  can  be  accomplished  if  the  lungs  be  venti- 
lated by  any  harmless  or  indifferent  gas,  and  since  the  manufac- 
ture of  the  CO,  does  not  take  place  in  the  lungs,  its  elimination 
can  go  on  independently  of  the  quantity  of  O  in  them.  The  79 
per  cent,  of  N  contained  in  the  atmosphere  has  a  passive  duty  to 
perform  in  diluting  the  O  and  facilitating  the  escape  of  the  CO, 
from  the  lungs. 

Indifferent  gases  are  those  which  produce  no  unpleasant  effect 
of  themselves,  but  which,  in  the  absence  of  O,  are  incapable  of 
sustaining  life,  such  as  nitrogen,  hydrogen,  and  CH4. 

Irrespirable  gases  are  such  as,  owing  to  the  irritating  effect  on 
the  air  passages,  cannot  be  respired  in  quantity,  as  they  cause 
instant  closure  of  the  glottis.  In  small  quantities  they  irritate 
and  produce  cough,  and  if  persisted  in,  inflammation  of  the  air 
passages ;  among  these  are  chlorine,  ammonia,  ozone,  nitrous, 
sulphurous,  hydrochloric,  and  hydrofluoric  acids. 

Poisonous  gases  are  those  which  can  l>e  breathed  without  much 
inconvenience,  but  when  brought  into  union  with  the  blood  cause 
death.     Of  these  there  are  many  varieties,     (i)  Those  which 
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permanently  usurp  the  place  of  oxygen  with  the  haemoglobin, 
viz.  :  carbon  monoxide  (CO),  hydrocyanic  acid  (HCN).  (2) 
Narcotic:  («)  Carbonic  dioxide  (CO^),  of  which  10  per  cent,  is 
rapidly  fatal,  i.o  per  cent,  is  poisonous,  and  over  o.i  per  cent, 
injurious,  (fi)  Nitrogen  monoxide  (N^O).  Both  of  these  gases 
lead  to  a  peculiar  asphyxia  without  convulsions.  (/)  Chloroform, 
ether,  etc.  (3)  Sulphuretted  hydrogen  (H,S),  which  reduces 
the  oxyhaemoglobin  and  produces  sulphur  and  water.  (4)  Phos- 
phuretted  hydrogen  (PH.j),  arseniuretted  hydrogen  (AsH^),  and 
cyanogen  gas  (C,Nj)  also  have  specially  poisonous  effects. 

VENTILATION. 

In  the  open  air  the  effects  of  respiration  on  the  atmosphere 
cannot  be  appreciated,  but  in  enclosed  spaces,  such  as  houses, 
rooms,  etc.,  which  are  occupied  by  many  persons,  the  air  soon 
becomes  appreciably  changed  by  their  breathing. 

The  most  important  changes  are  (i)  removal  of  oxygen,  (2) 
increase  in  carbonic  acid,  and  (3)  the  appearance  of  some  poison- 
ous materials  which,  though  highly  injurious,  cannot  be  deter- 
mined. The  deficiency  in  oxygen  never  causes  any  inconvenience, 
as  it  is  never  reduced  below  what  is  sufficient  for  the  saturation 
of  the  haemoglobin.  The  excess  of  COj  seldom  gives  any  incon- 
venience, since  the  air  becomes  disagreeably  fusty  or  stuffy  long 
before  the  amount  of  CO2  from  breathing  has  reached  o.i  per 
cent.,  which  amount  of  pure  CO2  can  be  inspired  without  any 
unpleasantness.  It  is,  then,  the  exhalations  coming  from  the 
lungs,  and  probably  skin,  some  of  which  must  have  a  poisonous 
character,  that  render  the  proper  supply  of  fresh  air  imperative. 

The  difficulty  of  determining  the  presence  of  the  poisonous 
organic  materials  makes  it  convenient  to  use  the  amount  of  CO, 
present  in  the  air  as  the  means  of  measuring  its  general  purity. 
For  this  we  must  suppose  that  the  relation  between  the  poisonous 
organic  ingredients  and  the  CO,  is  constant. 

Air  which  is  rendered  impure  by  breathing  becomes  disagree- 
able to  the  sense  of  smell  when  the  CO,  has  reached  the  low 
standard  of  .06  or  .08  per  cent.,  that  is  to  say,  scarcely  twice  as 
much  CO2  as  is  contained  in  the  pure  atmosphere.     Supposing 
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that  air  is  unwholesome  when  its  impurities  are  appreciable  by 
the  senses,  then,  if  the  animal  body  be  the  source  of  the  COj,  .06 
per  cent,  of  this  gas  makes  the  air  unfit  for  use. 

An  adult  man  disengages  more  than  half  a  cubic  foot  of  CO, 
in  one  hour  (.6,  Parkes),  and  consequently  in  that  time  he  renders 
quite  unfit  for  use  more  than  1000  cubic  feet  of  air,  by  raising 
the  percentage  of  COa  to  .  i  (0.4  being  initial,  and  .06  respiratory). 

It  is  obvious  that  the  smaller  the  space  and  the  more  confined, 
the  more  rapidly  will  the  air  become  vitiated  by  respiration.  It 
becomes  necessary  for  health,  therefore,  to  have  not  only  a  certain 
cubic  space  and  a  certain  change  of  air  for  each  individual,  but 
the  cubic  space  and  the  change  of  air  should  bear  to  each  other 
a  certain  proportion,  in  order  that  the  air  may  remain  sufficiently 
pure. 

The  space  allowed  in  public  institutions  varies  from  500  to 
1500  cubic  feet  per  head,  in  such  apartments  as  are  occupied  by 
the  individuals  day  and  night.  As  a  fair  average  1000  cubic 
feet  may  be  fixed  as  the  necessary  space  in  a  perfect  hygienic 
arrangement.  In  order  to  keep  this  perfectly  wholesome  and 
free  from  a  stuffy  smell,  and  the  CO,  below  .06  per  cent.,  it  is 
necessary  to  supply  some  2000  cubic  feet  of  air  per  head  per  hour. 

To  give  the  necessary  supply  of  fresh  air  without  introducing 
draughts  or  greatly  reducing  the  temperature  of  the  room  is  no 
easy  matter,  and  forms  the  special  study  of  the  hygienic  engineer. 

ASPHYXIA. 

If  an  adequate  supply  of  oxygen  be  withheld  and  its  percent- 
age in  the  blood  is  reduced  to  a  certain  point,  the  death  of  the 
animal  follows  in  three  to  five  minutes,  accompanied  by  a  series  of 
phenomena  commonly  included  under  the  term  asphyxia.  This 
may  be  divided  into  four  stages,  i.  Dyspnoea.  2.  Convulsion. 
3.  Exhaustion.  4.  Inspiratory  spasm.  As  asphyxia  is  a  mode 
of  death  the  symptoms  of  which  the  physician  can  be  called  upon 
to  treat,  he  should  be  able  to  recognize  its  different  phases. 

If  the  air  passages  be  closed  completely  the  respirations  become 
deep,  labored  and  rapid.  The  respiratory  efforts  are  more  and 
more  energetic,  and  the  various  supplementary  muscles  are  called 
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into  play  one  after  the  other,  until  gradually  the  second  stage  is 
reached  in  about  one  minute. 

As  the  struggles  for  air  become  more  severe,  the  inspiratory 
muscles  lose  their  power,  and  the  expiratory  efforts  become  more 
and  more  marked,  until  finally  the  entire  body  is  thrown  into  a 
general  convulsion,  in  which  the  traces  of  a  rhythm  are  hardly 
apparent.  This  stage  of  convulsion  is  short,  the  expiratory 
muscles  becoming  suddenly  relaxed  by  exhaustion. 

Then  the  longest  stage  arrives,  in  which  the  animal  lies  almost 
motionless,  making  some  quiet  inspiratory  attempts.  These  be- 
come gradually  deeper  and  slower,  until  they  are  nothing  more 
than  deep  gasps  separated  by  long  irregular  intervals. 

The  pupils  of  the  eyes  become  widely  dilated,  the  pulse  can 
hardly  be  felt,  and  the  animal  lies  apparently  dead,  when  often, 
after  a  surprisingly  long  interval,  one  or  more  respiratory  gasps 
follow,  and  with  a  gentle  tremor  the  animal  stretches  itself  in  a 
kind  of  tonic  inspiratory  spasm,  after  which  it  is  no  longer  capa- 
ble of  resuscitation.  This  last  pulseless  stage,  to  which  the  term 
asphyxia  is  more  properly  confined,  is  the  most  irregular  in  dura- 
tion, but  always  the  longest. 

The  blood  of  an  animal  which  has  died  of  asphyxia  is  nearly 
destitute  of  oxygen,  the  haemoglobin  being  in  a  much  more 
reduced  condition  than  is  found  in  venous  blood.  The  first  and 
most  obvious  effect  produced  by  the  circulation  of  blood  so  defi- 
cient in  oxygen  is  excessive  stimulation  of  the  respiratory  centre, 
which  causes  the  extreme  and  varied  actions  just  described.  In 
the  first  stage  of  asphyxia,  the  venous  blood,  reaching  the  systemic 
arterioles,  affects  their  muscular  walls,  exciting  the  vaso-con- 
strictor  mechanism,  so  as  to  cause  a  rapid  and  considerable  rise 
in  blood  pressure  and  consequent  distention  of  the  left  ventricle. 
The  general  constriction  of  the  small  arteries  may  be  brought 
about  by  the  venous  blood  acting  as  a  stimulus  to  the  cells  of  the 
medullary  and  spinal  vasomotor  centres,  or  more  probably  it 
acts  as  a  direct  stimulant  to  the  muscle  cells  of  the  arterioles 
themselves.  The  centres  in  the  medulla  which  govern  the  inhib- 
itory fibres  of  the  pneumogastric  are  also  stimulated,  and  con- 
sequently the  heart  beats  more  slowly.     The  increase  in  arterial 
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tension  and  the  slow  beat  give  rise  to  distention  of  the  ventricle, 
which,  when  a  certain  point  is  reached,  impedes  the  w^orking  of 
the  heart,  and  its  muscle  begins  to  beat  more  and  more  feebly,  so 
that  in  the  third  stage  the  pulse  can  hardly  be  felt.  The  mus- 
cular arterioles  then  become  exhausted  and  relax,  the  blood 
pressure  falls  rapidly,  and  with  the  death  of  the  animal  it  reaches 
the  level  of  atmospheric  pressure.  Both  sides  of  the  heart  and 
great  veins  are  engorged  with  blood  in  the  last  stage  of  asphyxia ; 
the  cardiac  muscle  being  exhausted,  from  want  of  oxygen,  is 
unable  to  pump  the  blood  out  of  the  veins  or  empty  its  cavities. 
Owing  to  the  force  of  the  rigor  mortis  of  the  left  ventricle,  and 
the  greater  capacity  of  the  systemic  veins,  the  left  side  is  found 
comparatively  empty  some  time  after  death,  and  at  post-mortem 
examination  the  right  side  alone  is  found  over-filled. 
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CHAPTER  XX. 

BLOODELABORATING  GLANDS. 

In  the  preceding  chapters  we  have  seen  that  the  blood  under- 
goes important  changes  as  it  courses  through  the  different  parts 
of  its  circuit.  Where  it  comes  in  contact  with  the  tissues  it  yields 
to  them  nutrient  material  for  assimilation,  and  oxygen  for  their 
metabolism,  and  carries  away  from  them  some  waste  products. 
In  the  lungs  it  receives  oxygen  and  gives  off  carbonic  acid. 
While  it  flows  through  the  minute  vessels  of  the  alimentary  tract, 
some  of  the  materials  elaborated  by  the  digestion  of  food  are 
absorbed,  and  directly  added  to  the  blood ;  at  the  confluence  of 
the  great  veins  in  the  neck  the  stream,  composed  of  lymph  and 
chyle,  is  poured  into  the  blood  before  it  enters  the  heart,  so  as  to 
be  thoroughly  mingled  with  it  on  its  return  from  the  general 
circulation.  Moreover,  in  various  glands,  different  substances 
are  used  in  the  manufacture  of  their  secretions. 

Thus  there  is  a  kind  of  material  circulation,  a  constant  income 
and  output  going  on  in  the  blood  itself  as  it  passes  through  the 
different  parts  of  the  body.  The  investigation  of  the  exact 
changes  which  take  place  in  the  blood  in  each  organ  or  part  is 
surrounded  with  difficulty,  and  in  many  cases  it  is  quite  impos- 
sible to  ascertain  what  changes  occur.  In  some  parts  it  may  be 
made  out  by  noting  the  results  produced,  or  the  substances  given 
off  or  taken  up  by  the  blood,  as  seen  in  the  changes  found  in  the 
air  after  its  exposure  to  the  blood  in  the  lungs,  where  we  can 
definitely  state  that  the  blood  has  lost  or  gained  certain  materials, 
and  is  so  far  altered.  In  other  parts,  such  as  the  muscles  or  the 
ductless  glands,  where,  no  doubt,  profound  changes  in  the  blood 
occur,  we  have  no  separate  outcome  which  we  can  analyze,  and 
we  must  therefore  trust  altogether  for  the  elucidation  of  the 
change  going  on  in  them  to  the  differences  which  may  be  found 
to  exist  in  the  blood  flowing  to,  and  that  flowing  from,  such  an 
organ.     For  this  purpose  one  can  either  examine  samples  of  the 
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blood  from  the  artery  and  vein  of  the  organ,  while  the  ordinary 
circulation  is  going  on,  or,  immediately  after  the  removal  of  the 
organ,  by  causing  (he  artilicial 
' '' '  stream  of  blood  to  flow  through 

it ;  then  the  changes  brought 
about  in  the  blood  in  its  {tas- 
sage  through  the  organ  will 
give  the  required  information. 
It  can  be  seen,  from  the  fore- 
going enumeration  of  processes, 
that  some  organs  have  a  double 
I  function  as  regards  the  blood. 
Thus,  in  the  lung  there  is  both 
renovation  by  taking  in  oxy- 
gen, and  purification  by  getting 
rid  of  carbon  dioxide.  The 
textures  in  their  internal  respi- 
ration take  the  nutriment  and 
oxygen,  and  give  the  blood 
CO,  and  various  other  wasie 
products  of  tissue  change. 

DUCTLESS  CJL.ANDS. 

There    is    a    certain    set    of 

organs  which   have  but  slight 

traits   of    resemblance    to    one 

Virtitoi Mciion  of  the  Siipn-renii  Capsui*    ^"other,  and  in  consequence  of 

iEittii.)  (he    want    of    more 


■*.  E.iimai"eS"'m»'sts.'"'r""cS^™i  knowledge  as  to  their  exact 
tary'tubiuiict.  in  which  ii»  a  b'rgt  »ein,  fiinctjon,  and  the  fact  that  they 
piTiy>«nin»!ciioii  .  ^^  not  pour  their  products  into 

ducts,  but  probably  into  the  blood  current,  are  commonly  grouped 

together  as  ductless  or  blood  glamh. 

It  has  been  shown  that  a  great  |ra.rt  of  the  altsorbed  nutrient 

material  passes  through  a  special  set  of  vessels  called  the  lacteals 

or  lymphatics,  and  in  so  doing  has  to  traverse  peculiar  organs 
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called  lymphatic  glands,  where  it  is  no  doubt  modified,  and  has 
added  to  it  a  number  of  cells  (lymph  corpuscles)  which  sub- 
sequently arc  poured  into  the  large  veins  with  the  lymph  and 
become  ini|}ortant  constituents  of  the  blood. 

Some  of  these  blood  glands  are  doubtless  nearly  akin  to  the 
lymphatic  glands  already  described  (Fig.  151),  their  duty  being 
the  further  elaboration  and  ]>erfection  of  the  blood.  In  this 
group  are  commonly  placed  the  supra-renal  capsules,  the  thy- 
roid, the  thymus,  and  the  spleen. 


ieclion  of  the  TbirToict  dand  of  »  child,  ihowing  Iwo  complete  ucs  »d  ponloiu  of  at 
cuviiy  of  lEe  veilcio,  which  ate  lined  by  Even  cubical  epilhelium.    {ScliSfir>, 


SUPRARENAL  CAPSULE. 
With  regard  to  the  function  of  the  supra-renal  capsule  we 
may  say  that  nothing  definite  is  known.  The  cortical  part  is  said 
to  resemble  the  lymph  follicles  in  structure,  while  the  central 
part,  on  account  of  its  numerous  pecuhar,  large  cells  and  great 
richness  in  nerves,  has  been  explained  as  belonging  to  ihe  nervous 

THYROID  BODY. 

The  thyroid   is  made  up  of  groujjs  of  minute  closed  sacs 

embedded  in  a  stroma  of  connective  tissue,  lined  with  a  single 
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row  of  epithelium  cells,  and  tilled  with  a  clear  fluid  containing 
mucin.  In  the  adult  the  sacs  are  commonly  much  distended 
with  a  colloid  substance  and  peculiar  crystals,  and  the  epithelium 
has  disappeared  from  their  walls.  Although  said  to  be  rich  in 
lymphatics  and  to  contain  follicular  tissue,  positive  proof  of  the 


Thymus,  thowing 

-  -  'X'-a 


lobulci  («,  i}  utuchcd 
coDncclive  Ii»«  la). 

relation  of  the  thyroid  body  to  the  lymphatic  system  is  still 
wanting. 

THYMUS  GLAND. 

The  functional  activity  of  the  thymus  is  restricted  to    that 

period  of  life  when  growth  takes  place  most  rapidly.     It  is  well 
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developed  in  the  fcetus,  and  increases  in  size  for  a  couple  of 
years  after  birth  ;  but  it  gradaally  diminishes  in  bulk  and  loses 
its  original  stmctiire  during  the  later  periods  of  childhood,  so  as 
to  become  completely  degenerated  and  fatty  in  the  adult.  It  is 
composed  of  numerous  little  follicles  of  lymphoid  tissue  collected 
into  groups  or  lobules  connected  to  a  kind  of  central  stalk.  The 
lymphoid  follicles  of  the  young  thymu-s  have  some  likeness  to 
those  of  the  intestinal  tract,  but  they  differ  from  these  agminate 
glands  not  only  in  arrangement  but  also  in  having  peculiar  small 
nests  of  large  cells  (corpuscles  of  Hassall)  in  the  midst  of  the 
adenoid  tissue  of  which  they  are  made  up.  On  account  of  the 
structure  of  the  lobules  being  so  nearly  identical  with  that  of  a 
lymphatic  gland,  and  from  its  great  richness  in  lymphatic  vessels, 
the  thymus  is  said  to  be  related  to  the  lymphatic  system,  and  is 
supposed  to  play  an  importent  part  in  the  elaboration  of  the 
blood  during  the  earlier  stages  of  animal  life. 

SPLEEN. 

Structure. — The  spleen  also  resembles  a  lymphatic  organ  in 

structure,  but  differs  from  it  in  the  relation  borne  by  the  blood 


to  the  elements  of  the  follicular  tissue.  It  is  encased  in  a  strong 
capsule  made  of  fibrous  tissue  and  unstriated  muscle  cells.  From 
this  many  branching  prol6ngations  pass  into  the  substance  of  the 
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organ,  so  as  to  traverse  the  soft,  red,  spleen  pulp.     In  these  tra- 
beciilse  or  prolongations  from  the  capsule  are  found  the  branches 
of  the  splenic  artery,  dividing 
^"^  ■'"■  into  smaller  twigs  without  anas- 

tomosis. On  leaving  the  tra- 
beculae  the  arteries  break  up  sud- 
denly into  a  brush-like  series  of 
small  branches,  ending  in  capil- 
laries, which  are  lost  in  the  pui|) 
where  the  small  veins  may  be 
seen  to  commence, 
f  Between    the    trabecuiae    are 

RtiicuiumofiiifS  lecnp  1  i  '  d  h  ^^^'^'^  ^^^  distinct  kinds  of  lis- 
°"^«Erici  yjine.  "?^,S)  ""  suc :  (i )  Roundcd  masscs  of  ^'OT- 
(#)  Lacunar  spaces,  ihrough  which  ihc  phoid  tissug.  Called  Malpighian 
(i)  Nuckiorendothfiiuni.  bodies.  Scattered  here  and  there 

through  the  organ  ;  and  (i)  the 
]>ecnliar  soft  splenic  pulp  making  up  its  bulk. 

The  small  rounded  masses  of  lymph  follicular  tissue  are 
situated  on  the  course  of  the  fine  arterial  twigs.  The  delicate 
adenoid  reticulum  which  holds  the  lymph  cells  together  is  inti- 
mately connected  with  the  vessel  wall.  The  pale  a[)pearance 
of  these  follicles,  which  distingiiishe.i  them  from  the  surround- 
ing splenic  pulp,  depends  on  the  number  of  the  white  cells 
which  are  packed   in  the  meshes  of  this  perivascular  adenoid 

The  splenic  pulp  consists  of  a  system  of  communicating  lacunar 
spaces  lined  with  endothelium.  Into  these  spaces  the  blood  is 
poured  from  the  arteries,  and  thus  mingles  with  va.st  numbers  of 
white  cells.  Besides  the  ordinary  blood  discs  and  the  white  cor- 
puscles or  lymph  cells,  many  peculiar  cells  are  found  in  the 
spleen  pulp.  Some  of  these  look  like  lymph  cells  containing 
little  mas.ses  of  hemoglobin,  and  appear  to  be  transitions  from 
the  colorless  to  the  red  corjiusrles,  while  some  small,  misshaj^n, 
red  corjniscles  are  regarded  as  ste|)S  in  a  retrograde  change  in 
the  discs.  But  few,  if  any,  lymph  channels  lead  from  the  spleen 
pulp,  and  only  a  relatively  small  niimljer  pass  out  from  the  hilus, 
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SO  that  the  splenic  artery  and  vein  must  be  regarded  as  taking 
the  places  of  the  afferent  and  efferent  lymph  channels. 

Chemical  Composition  of  the  Spleen  Pulp. — Chemical  examina- 
tion shows  the  splenic  pulp  to  have  remarkable  peculiarities.  Al- 
though so  full  of  blood,  which  is  generally  alkaline,  the  spleen  is 
acid  in  reaction^  and  contains  a  great  quantity  of  the  oxidation 
products  (so-called  extractives)  commonly  found  as  the  result  of 
active  tissue  change.  The  chief  of  these  are  uric  acid,  leucin, 
xanthin,  hypoxanthin,  inosit,  lactic,  formic,  succinic,  acetic  and 
butyric  acids.  It  also  contains  numerous //^^z?/j,  rich  in  carbon, 
but  little  known,  which  are  probably  the  outcome  of  destroyed 
haemoglobin.  A  peculiarly  suggestive  constituent  is  an  albumi- 
nous body  containing  iron.  The  ash  is  found  to  contain  a  con- 
siderable quantity  of  oxide  of  iron,  to  be  rich  m  phosphates  and 
soda^  with  but  small  quantities  of  chlorides  and  potassium. 

Changes  in  the  Blood  in  the  Spleen. — If  the  blood  flowing  in  the 
artery  to  the  spleen  be  compared  with  that  in  the  vein,  the  dif- 
ference gives  us  the  changes  the  blood  has  undergone  in  the 
organ,  and  hence  is  of  great  importance.  In  the  blood  of  the 
vein  is  found  an  enormous  increase  in  the  number  of  white  cor- 
puscles (i  white  to  70  red  in  the  vein,  as  against  i  to  2000  in  the 
splenic  artery).  The  red  corpuscles  from  the  vein  are  smaller, 
brighter,  less  flattened  than  those  of  ordinary  blood  \  they  do 
not  form  rouleaux,  and  are  more  capable  of  resisting  the  injurious 
influence  of  water.  The  blood  of  the  splenic  vein  is  also  said  to 
have  a  greater  proportion  of  water,  and  to  contain  an  unusual 
quantity  of  uric  acid  and  other  products  of  tissue  waste.  The 
amount  of  blood  in  the  spleen  varies  greatly  at  different  times. 
Shortly  after  meals  the  organ  becomes  turgid,  and  remains 
enlarged  during  the  later  periods  of  digestion. 

Pathological  Changes. — The  size  of  the  spleen,  which  may  be 
taken  as  a  measure  of  its  blood  contents,  is  also  altered  by  many 
abnormal  conditions  of  the  blood.  Thus,  in  all  kinds  of  fever, 
particularly  ague  and  typhoid,  and  in  syphilis,  the  spleen  becomes 
turgid,  and  in  some  of  these  diseases  it  remains  swollen  for  some 
time.  In  a  remarkable  disease,  leucocythaemia,  in  which  the 
white  blood  cells  are  greatly  increased  in  number,  and  the  red 
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ones  are  comparatively  diminished,  the  spleen,  in  company  with 
the  lymphatic  glands,  is  often  found  to  be  profoundly  altered  and 
diseased,  and  commonly  immensely  enlarged ;  but,  on  the  other 
hand,  advanced  amyloid  degeneration  of  the  spleen  may  occur 
without  any  notable  alteration  taking  place  in  the  number  or 
properties  of  the  blood  corpuscles. 

Extirpation  of  the  Spleen, — The  spleen  may  be  removed  from 
the  body  without  any  marked  changes  taking  place  in  the  blood 
or  the  economy  generally.  It  is  said  that  if  an  animal  whose 
spleen  is  extirpated  be  allowed  to  live  for  a  certain  time,  the  lym- 
phatic glands  increase  in  size,  or  become  swollen. 

In  attempting  to  assign  a  definite  function  to  the  spleen  all  the 
foregoing  facts  must  be  carefully  reviewed,  and  the  peculiarity  of 
its  (i)  structure  J  (2)  chemical  composition^  (3)  the  chungesthe  blood 
undergoes  while  flowing  through  it,  (4)  the  variations  in  blood 
supply  which  follow  normal  and  pathological  changes  in  the 
economy,  and  (5)  the  absence  of  effect  following  its  extirpation^ 
must  all  be  borne  in  mind. 

Its  structure  teaches  us  that  it  is  intimately  related  to  lymphatic 
glands.  The  Malpighian  bodies  are  simply  lymph  follicles,  and 
the  pulp  may  be  regarded  as  a  sinus  like  that  of  a  lymph  gland, 
with  this  difference,  that  it  is  traversed  by  blood  instead  of  lymph. 
The  cell  elements  found  in  it  indicate  that  not  only  white  cells 
are  rapidly  generated,  but  also  that  these  cells  have  some  peculiar 
relationship  to  haemoglobin,  as  they  are  often  found  to  contain 
some.  The  varieties  in  size,  form,  and  general  appearance  of  the 
red  corpuscles  can  be  accounted  for  by  either  their  destruction  or 
their  formation  occurring  in  this  organ. 

Its  chemical  composition  also  shows  that  certain  special  changes 
go  on  in  the  pulp,  and  that  probably  stages  of  the  construction 
or  destniction  of  haemoglobin  are  here  accomplished  may  be 
inferred  from  the  peculiar  association  of  iron  with  albuminous 
bodies. 

From  the  characters  of  the  blood  flowing  from  the  spleen  it 
has  been  argued  that,  besides  an  enormous  production  of  white 
corpuscles,  the  destruction  of  the  red  discs  goes  on,  while  some 
new  discs  are   formed,   probably  by  means  of  the  white  cells 
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making  hjemoglobin  in  their  protoplasm,  which,  gradually  dis- 
appearing, lea\'es  only  the  red  mass  of  hemoglobin. 

The  increased  activity  of  the  spleen  after  meals,  and  in  certain 
abnormal  states  of  the  blood,  as  shown  by  its  containing  more 
blood,  distinctly  points  out  that  some  form  of  blood  elaboration 
goes  on  in  it,  which  is  nearly  related  to,  or  associated  with,  nutri- 
tion. 


>rSpI«ca  (hnuih  11  lymph  rollicle  (Mjipighian  bod^l  (a)  inj« 
Jj^Xm'Uhii'V  which  art'fiHedwiih'fijecHoo?    IcSial.) 


The  swelling  of  the  lymphatic  glands  after  extirpation  of  the 
spleen  confirms  its  relation  to  these  organs,  and  the  fact  is  un- 
disputed that  it  is  a  source  of  the  white  corpuscles  of  the  blood  ; 
but  the  paucity  of  evidence  after  this  oi>eration  as  to  changes  in 
the  number  or  character  of  the  red  discs  proves  that  if  the  spleen 
be  either  the  place  of  origin  or  destruction  of  the  red  corpuscles 
it  cannot  be  the  only  organ  in  which  they  are  produced  or 
destroyed. 

GLYCOGENIC  FUNCTION  OF  THE  LIVER. 

Of  alt  the  organs  that  modify  the  composition  of  the  blood 
flowing  through  them,  the  liver  plays  the  most  im]X)rtant  part  in 
elaborating  the  circulating  fluid.     The  elimination  of  the  various 
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constituents  of  the  bile,  which  has  already  been  mentioned  as 
necessary  for  the  purification  of  the  blood,  and  useful  in  aiding 
absorption,  is  probably  but  a  secondary  function  of  this  great 
gland.  The  production  of  a  special  material — animal  starch — 
essential  to  the  nutrition 
F,Q,  ,6^.  and  growth  of  the  textures 

is  probably  the  most  im- 
portant duty  of  the  liver 
cells,  and  possibly  the  con- 
stituents of  the  bile  are 
but  the  by-products,  which 
must  be  got  rid  of,  result- 
ing from  this  and  other 
unknown  chemical  pro- 
cesses. 

In  the  chapter  on  the 
digestive  secretions  the 
'  structure  of  the  liver  wa.s 
I  mentioned,  and  attention 
was  directed  to  the  peculi- 
arities of  its  double  blood 
supply,  A  relatively  small 
arterial  twig  carries  blood 
to  it  from  the  aorta,  while  ' 
the  great  portal  veins  dis- 
tribute to  it  all  that  large 

^mf[^r^U'l:land"pl«n'")!airiur^"Sg'[U''bl™d   SUpply      of      blood       which 

from  ihese  orgsMio  ihe  Uver.  ^^^.^  through  the  intestinal 

tract  and  the  spleen. 
The  blood  in  the  vena  porta  during  digestion  can  hardly  be 
called  venous  blood,  for  much  more  passes  through  the  intestinal 
capillaries  when  digestion  is  going  on  than  is  necessary  for  the 
nutrition  of  the  (is.sue  of  the  intestinal  wall.  The  portal  blood 
is  also  to  be  distinguished  from  ordinary  venous  blood  from 
the  fact  that  it  has  ju.st  been  enriched  with  a  quantity  of  the 
soluble  materials  taken  from  the  intestinal  canal,  namely,  pro- 
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teids,  sugar,  salts,  and  possibly  some  fats ;  and  it  has  been  further 
modified  by  the  changes  taking  place  in  the  spleen. 

It  is  from  this  blood  that  the  liver  cells  manufacture  the  starch- 
like substance  above  mentioned.  Animal  starch  was  discovered 
by  Claude  Bernard,  and  called  by  him  Glycogen,  on  account  of 
the  great  facility  with  which  it  is  converted  into  sugar  in  the 
presence  of  certain  ferments  which  exist  in  the  liver  itself  and  in 
most  tissues  after  death.  Shortly  after  the  death  of  an  animal 
the  tissue  of  the  liver,  and  also  the  blood  contained  in  the 
hepatic  veins,  are  extremely  rich  in  sugar,  which  has  been 
formed  by  the  fermentation  of  the  hepatic  glycogen.  The  quan- 
tity of  sugar  increases  with  the  length  of  time  that  has  elapsed 
since  the  death  of  the  animal,  and  is  minimal,  if  not  nil,  if  the 
liver  or  hepatic  blood  be  taken  for  examination  while  the  tissue 
elements  are  still  alive. 

The  peculiar  blood  of  the  great  portal  vein  coming  from  the 
stomach,  intestines,  and  the  spleen  ha4  then  to  pass  through  a 
second  set  of  capillaries  in  the  liver,  and  undergoes  such 
important  changes  that  this  organ  must  be  regarded  as  occupy- 
ing a  foremost  position  among  the  blood  glands.  Differences  of 
the  utmost  importance  have  long  been  thought  to  exist  between 
the  blood  going  to  and  that  coming  from  the  liver,  and  to  it  has 
even  been  attributed  paramount  utility  as  a  blood  elaborator ;  but 
the  scientific  knowledge  of  its  power  in  this  resjxjct  must  date 
from  the  discovery  of  its  glycogenic  function. 

GLYCOGEN. 

Glycogen  is  a  substance  nearly  allied  to  starch  in  its  chemical 
composition,  and  is  converted  with  great  readiness  into  grape 
sugar  by  the  action  of  certain  ferments  and  acids.  Many  of  the 
animal  textures  contain  these  ferments,  among  others  the  liver 
itself,  at  least  when  its  tissue  is  dying ;  and  consequently  the 
liver  with  the  blood  coming  from  it  (if  examined  in  an  animal 
some  time  dead)  does  not  contain  glycogen,  but  sugar  which  has 
been  formed  from  it.  If  a  piece  of  liver  taken  from  an  animal 
immediately  after  it  is  killed  be  plunged  into  boiling  water,  so 
as  to  check  the  action  of  the  ferment,  no  trace  of  sugar  is  found 
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in  it,  but  only  glycogen.  After  the  lapse  of  a  little  time  another 
piece  of  the  same  liver,  which  has  lain  at  the  ordinary  room 
temperature,  will  give  abundance  of  sugar. 

The  mode  of  preparation  of  glycogen  depends  upon  the  fore- 
going facts.  The  perfectly  fresh  liver  taken  from  an  animal 
killed  during  digestion  is  rapidly  subdivided  in  boiling  water. 
When  the  ferment  has  been  destroyed  by  heat  the  pieces  of  liver 
are  rubbed  up  to  a  pulp  in  a  mortar,  and  then  reboiled  in  the 
same  fluid.  The  liquor  is  then  filtered,  and  from  the  filtrate 
the  albuminous  substances  are  precipitated  with  potassio-mercuric 
iodide  and  hydrochloric  acid,  and  removed  on  a  filter.  From 
this  filtrate  the  glycogen  may  be  precipitated  by  alcohol,  caught 
on  a  filter,  washed  with  ether  to  remove  fat,  and  dried. 

Glycogen  thus  prepared  has  the  following  properties.  It  is 
a  white  powder,  forming  an  opalescent  solution  in  water,  which 
becomes  clear  on  the  addition  of  caustic  alkalies.  It  is  insoluble 
in  alcohol  and  ether.  With  a  solution  of  iodine  it  gives  a  wine- 
red  color,  and  not  blue,  like  starch,  which  it  otherwise  much 
resembles  in  chemical  relationship. 

Glycogen  is  widely  distributed  among  many  other  parts  besides 
the  liver,  namely,  in  all  the  tissues  of  the  embryo,  and  in  the 
muscles,  testicles,  inflamed  organs,  and  pus  of  adults ;  in  short, 
where  any  very  active  tissue  change  or  growth  is  going  on,  some 
traces  of  glycogen  can  be  found. 

Some  light  is  thrown  upon  its  origin  by  the  fact  that  the 
amount  of  glycogen  in  the  liver  depends  in  a  great  measure  on 
the  kind  and  quantity  of  food  used.  It  rapidly  increases  with  a 
full,  and  decreases  with  a  spare  diet,  though  it  never  disappears 
even  in  prolonged  starvation.  The  formation  of  glycogen  is 
much  more  dependent  on  the  carbohydrate  food  than  on  the 
proteid,  for  it  rapidly  rises  with  increase  in  the  quantity  of  sugar 
taken,  and  falls,  as  in  starvation,  when  pure  proteid  (fibrin) 
without  any  carbohydrate  is  used  either  with  or  without  fat. 
Although  the  large  supply  of  glycogen  normally  manufactured 
in  the  liver  is  probably  derived  from  the  sugar  of  the  food,  we 
must  not  conclude  from  this  that  the  liver  cells  cannot  make 
glycogen  from  other  materials.     Possibly  anything  that  suffices 
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for  the  nutrition  of  their  own  protoplasm  enables  the  cells  to 
produce  glycogen.  The  slowness  with  which  glycogen  disappears 
in  starvation  would  seem  to  point  to  this. 

The  ultimate  destiny  and  physiological  application  of  glycogen 
have  been  for  some  time  vexed  questions.  Whether  it  is  con- 
verted into  sugar,  and  as  such  carried  off  by  the  blood  of  the 
tissues,  or  whether  it  is  simply  distributed  as  glycogen,  is  dis- 
puted by  different  observers,  while  others  say  glycogen  is  a  step 
in  the  formation  of  fat  out  of  carbohydrate. 

The  want  of  clear  evidence  on  the  subject,  together  with  the 
obvious  chemical  difficulties,  force  us  to  abandon  the  theory  that 
fat  can  be  an  immediate  outcome  of  liver  glycogen,  though  we 
must  admit  that  carbohydrates,  or  any  form  of  nutriment,  may 
indirectly  aid  in  the  ultimate  formation  of  fat  by  protoplasm. 

The  difficulty  of  determining  the  exact  amount  of  sugar  or 
glycogen  in  the  blood  makes  this  a  very  unsatisfactory  means  of 
determining  the  physiological  application  of  liver  glycogen.  It 
seems  probable  that  glycogen  forms  the  general  carbohydrate 
nutriment  of  the  textures — the  diffusible  sugar  being  transformed 
in  the  liver,  into  indiffasible  glycogen,  in  order  that  it  may  be 
distributed  throughout  the  various  tissues  without  being  lost  in 
the  excretions. 


32 
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CHAPTER  XXI. 
SECRETIONS. 

The  secretions  which  are  poured  into  the  alimentary  tract 
have  been  already  described  in  the  chapter  on  digestion.  There 
are  other  glands  which  can  now  be  conveniently  considered,  since 
they  more  or  less  alter  the  blood  flowing  through  them,  and  thus 
may  be  said  to  aid  slightly  in  the  perfect  elaboration  of  that 
fluid.  They  are,  however,  subservient  to  very  different  func- 
tions, some  having  merely  local  offices  to  perform,  and  others 
having  duties  allotted  to  them  of  the  greatest  general  importance 
to  the  economy.  This  becomes  obvious  from  a  glance  at  the 
following  enumeration  of  the  remaining  glandular  organs. 

Secreting  glands  (other  than  those  forming  special  digestive 
juices) : — 

I>achrymal.  Mammary. 

Mucous.  Sebaceous. 

Excreting  glands : — 

Sudorific.  Urinary. 

SURFACE  GLANDS. 
LACHRYMAL   (H.ANDS. 

Most  vertebrate  animals  that  live  in  air  have  a  gland  in  con- 
nection with  the  surface  of  their  eyes,  which  secretes  a  thin  fluid, 
to  moisten  the  conjunctiva.  This  fluid  commonly  jiasses  from 
the  eye  into  the  nasal  cavity,  and  supplies  the  inspired  air  with 
moisture. 

The  lachrymal  fluid  is  clear  and  colorless,  with  a  distinctly 
salty  taste  and  alkaline  reaction.  It  contains  only  about  i  per 
cent,  of  solids,  in  which  can  be  detected  some  albumin,  mucus, 
and  fat  (i  jxjr  cent.),  epithelium  (i  j)er  cent.),  as  well  as  sodium 
chloride  and  other  salts  (.8  \)er  cent.). 

The  secretion  is  produced  continuously  in  small  amount,  but 
is  subject  to  such  considerable  and  sudden  increase,  that  at  times 
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it  cannot  all  escape  by  the  nasal  duct,  but  is  accumulated  in  the 
eyes  until  it  overflows  to  the  cheek  as  tears.  This  excessive 
secretion  may  be  induced  by  the  application  of  stimuli  to  the 
conjunctiva,  the  lining  membrane  of  the  nose,  or  the  skin  of  the 
face,  or  by  strong  stimulation  of  the  retina,  as  when  one  looks  at 
the  sun.  A  similar  increase  of  secretion  follows  certain  emotional 
states  consequent  on  grief  or  joy.  These  facts  show  that  the 
secretion  of  the  gland  is  under  nervous  control,  the  impulses 
stimulating  secretion  commonly  starting  either  from  the  periph-  ^ 
ery,  and  passing  along  the  sensory  branches  of  the  fifth  or 
along  the  optic  nerve,  or  from  the  emotional  centres  in  the  brain, 
and  arriving  at  the  gland  in  a  reflex  manner.  The  amount  of 
secretion  can  also  be  augmented  by  direct  stimulation  of  the 
lachrymal  nerves,  so  that  in  all  probability  these  are  the  efferent 
channels  for  the  impulse. 

MUCOUS  GLANDS. 

In  connection  with  mouth  and  stomach  secretions,  mention  has 
been  made  of  glands  which  are  elongated  saccules  lined  with 
clear  cells  with  highly  refracting  contents  (Fig.  165).  They  are 
distributed  over  all  mucous  membranes,  and  are  the  chief  source 
of  the  thick,  tenacious,  clear,  alkaline,  and  tasteless  secretion 
called  mucus. 

This  material  contains  about  five  per  cent,  of  solid  matters,  of 
which  the  chief  is  mucin,  the  characteristic  material  of  mucus, 
which  swells  up  in  water  and  gives  the  peculiar  tenacity  to  the 
fluid.  It  is  precipitated  by  weak  mineral  and  acetic  acids  ;  and, 
as  the  precipitate  with  the  latter  does  not  redissolve  in  an  excess, 
this  acid  becomes  a  good  test  to  distinguish  it  from  its  chemical 
allies.  Mucin  is  not  precipitated  by  boiling.  Mucus  also  con- 
tains traces  of  fat  and  albumin,  and  inorganic  salts,  viz.,  sodium 
chloride,  phosphates  and  sulphates,  and  traces  of  iron. 

The  fluid  is  secreted  either  by  the  special  mucous  glands,  or  it 
may  be  produced  by  the  epithelium  of  the  mucous  surfaces.  The 
cells  produce  in  their  protoplasm  a  quantity  of  the  secretion, 
which  may  often  be  seen  to  swell  them  out  to  a  considerable 
extent.     This  clear  fluid  is  then  expelled,  and  the  altered  cells 
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are  repaired  or  replaced.  Many  fonn  elements,  like  the  r 
of  epithelial  cells,  are  found  in  the  secretion  ;  and  also  round 
nucleated  masses  of  protoplasm  similar  to  white  blood  corpuscles 
after  the  imbibition  of  water.  In  the  abnormal  secretion  of  a 
mucous  surface  during  inflammation  these  mucous  corpuscles  are, 
as  well  as  the  general  amount  of  secretion,  greatly  increased,  so 
that  the  secretion  may  become  opaque,  and  may  appear  lo  be 
purulent. 
•  The  chief  object  of  the  secretion  seems  to  be  to  protect  the 
mucous  surfaces,  which  are  rich  in  delicate  nerves  and  vessels. 
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and  are  subjected  to  many  injurious  influences  of  a  chemical  or 
mechanical  nature.  It  is  analogous  to  the  keratin  of  the  epi- 
dermis, and  may  be  regarded  as  an  excretion,  since  it  is  not 
absorbed,  but  is  cast  out  from  the  mucous  passages,  and  passes 
from  the  intestinal  tract  with  the  fjeces,  and  from  the  air  passages 
as  sputum,  etc. 
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These  belong  to  the  outer  skin,  and  commonly  open  into  the 
follicles  of  the  hairs,  but  also  appear  on  the  free  surface  of  the 
lips  and  prepuce,  etc.,  where  no  hairs  exist. 

The  secretion  cannot  be  collected  in  great  quaniity  in  a  normal 
condition,  but,  as  far  as  can  be  made  out,  it  is  composed  of  neutral 
fat,  soap,  and  an  albuminous  body  allied  to  casein,  and  organic 
salts  and  water,  about  60  per  cent. 

The  secretion   contains    the  remains  of  numerous   epithelial 
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cells  which  are  thrown  olT  from  the  inner  surface  of  the  glands, 
while  they  are  undergoing  a  peculiar  kind  of  fatty  change. 
These  cells  gradually  get  quite  broken  down  during  their  so- 
journ in  the  gland  alveoli,  and  the  secretion  is  finally  pressed 
out  by  the  band  of  smooth  muscle  which  usually  embraces  the 
gland  and  s<]ueezes  it  against  the  hair  fallicle. 

This  secretion,  the  use  of  which  is  to  lubricate  the  surface 
with  a  fatty  material,  is  cast  off  with  the  desquamated  epithelium 
and  the  hairs.     The  Meibomian  glands  of  the  eyelids  are  analo- 
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gous  structures,  and  are  specially  elaborated  for  the  lubrication 
of  the  ciliary  margin.  The  glands  about  the  prepuce  and  clito- 
ris are  also  analogous  to  the  sebaceous  glands ;  in  some  animals 
(Castor)  they  secrete  a  jjeculiarly  odoriferous  material. 

MAMMARY  GLANDS. 
The  secretion  of  milk  only  takes  place  under  certain  circum- 
stances and  continues  for  a  limited  period.     As  the  name  of  the 
glands  implies,  they  are  present  in  all  mammalian  animals.     The 
activity  of  the  gland  commences  in  the  later  stages  of  pregnancy. 


and  then  continues,  if  the  secretion  be  regularly  withdrawn  from 
the  gland,  for  some  g  to  i;  months. 

During  pregnancy  the  breasts  iindergo  certain  preparatory 
changes  prior  to  the  appearance  of  the  milk.  They  increase  in 
bulk,  owing  to  the  greater  lilood  supply,  and  to  certain  changes 
in  the  cell  elements  of  the  glands,  which  are  compound  saccular 
glands.  Each  breast  contains  a  series  of  some  ten  to  twelve 
glands,  with  distinct  ducts ;  ujxjn  these  there  are  dilatations  that 
act  as  reservoire,  in  which,  during  active  lactation,  the  secretion 
is  stored  until  needed. 
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The  alveoli  are  chiefly  saccular  in  form,  and  are  lined  with  a 
single  layer  of  glandular  epithelium,  and,  during  active  lacta- 
tion, contain  but  little  fat,  though  in  the  later  stages  of  preg- 
nancy, before  the  secretion  is  established,  the  cells  contain  (luan- 
tities  of  large  fat  globules. 

MILK. 

Milk  is  a  yellowish- white,  perfectly  opaque,  sweetish  fluid,  with 
an  alkaline  reaction  and  a  specific  gravity  of  about  1030.  When 
exposed  to  the  air,  particularly  in  warm  weather,  the  milk  soon 
loses  its  alkalinity,  first  becoming  neutral,  and  subsequently 
acid  ;  the  milk  is  then  said  to  have  '*  turned  sour,'*  but  its  ap- 
pearance is  not  greatly  changed.  When  it  has  stood  a  very  long 
time  it  may  crack  or  curdle,  and  separate  into  two  parts— one  a 
thick,  white  curd  and  the  other  a  thin,  yellowish  fluid.  This 
turning  sour  and  ultimate  curdling  depends  upon  a  change 
brought  about  in  one  of  its  most  important  constituents,  namely, 
milk  sugar,  by  means  of  a  process  of  fermentation.  The  milk 
sugar,  in  the  presence  of  certain  forms  of  bacteria,  ferments  and 
gives  rise  to  lactic  acid.  When  the  quantity  of  lactic  acid  is 
sufficient,  it  not  only  makes  the  milk  sour,  but  also  precipitates 
another  of  its  impK)rtant  constituents,  namely,  casein.  This  albu- 
minous body  in  its  coagulation  entangles  the  fat  of  the  milk, 
and  we  have  thus  formed  the  curd  of  cracked  milk,  while  the 
whey  consists  of  the  acid,  salts,  and  remaining  milk  sugar. 

Although  the  curdling  of  milk  depends  on  the  coagulation  of 
an  albuminous  body,  it  is  never  produced  by  boiling  fresh  milk, 
because  the  chief  proteid  is  casein,  a  form  of  derived  albumin 
(alkali -albumin),  which  does  not  coagulate  by  heat. 

When  milk  is  preserved  from  impurities  and  kept  in  a  cool 
place,  a  thick  yellow  film  soon  collects  on  the  top  of  the  fluid  ;  the 
thickness  of  this  layer — the  cream — may  be  taken  as  a  rough 
gauge  of  the  richness  of  the  milk.  Milk  consists  of  a  fine  emul- 
sion of  fat,  the  suspended  particles  of  which  are  kept  from  run- 
ning together  by  a  superficial  coating  of  dissolved  casein.  When 
left  at  rest,  the  light  fatty  particles  float  on  the  top  and  form 
cream. 
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When  the  mammary  glands  commence  to  secrete,  the  milk 
contains  numerous  peculiar  structural  elements,  which  subse- 
quently disappear  from  the  secretion,  but  which  are  of  consider- 
able interest  in  relation  to  the  physiological  process  of  the  secre- 
tion. These  are  the  colostrum  corpuscles ^  which  consist  of  large 
spherical  masses  of  fine  fat  globules  held  together  by  the  remains 
of  a  gland  cell,  which  encloses  the  fat  globules  as  a  kind  of  sac 
or  case,  and  in  which  at  times  a  nucleus  can  be  made  out. 

CHEMICAL  COMPOSITION. 

The  most  remarkable  point  about  the  chemical  composition  of 
milk  is  the  large  proportion  of  proteid  and  fat  it  contains  \  this 
renders  it  unique  among  the  secretions.  There  are  two  distinct 
albuminous  bodies  present,  viz.  :  casein,  which  appears  identical 
with  alkali -albumin,  and  another  form  of  albumin  allied  to 
serum-albumin.  The /als  are  present  in  the  shape  of  globules  of 
various  sizes,  being  in  the  condition  of  a  perfect  emulsion,  as 
above  stated.  They  consist  of  glycerides  of  palmitic,  stearic  and 
oleic  acids. 

The  milk  sugar  is  very  like  glucose  or  grape  sugar,  but  not  so 
soluble.  It  has  the  peculiarity  of  undergoing  lactic  fermenta- 
tion. 

Of  the  inorganic  constituents  of  milk  the  most  important  are 
phosphates  and  carbonates  of  the  alkalies,  /.  e,,  the  salts  required 
to  form  bone.  It  is  a  remarkable  fact  that  the  potash  compounds, 
which  are  the  most  abundant  in  the  red  blood  corpuscles,  are 
present  in  greater  quantity  than  those  of  soda. 

The  following  table  shoi^'s  the  composition  of  human  milk,  a 
comparison  of  which  with  that  of  some  domestic  animals  will  be 
found  on  page  103  : — 

Casein, 39*24 

Fat,       26.66 

Milk  sugar, 43'64 

Salts, 1.38 

1 10.92 
Water, 889.08 

1000.00 
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The  relative  (jnantity  of  the  several  ingredients  of  milk  varies 
wilh  the  kind  of  diet  used.  A  vegetable  diet  increases  the  per- 
centage of  sugar,  but  diminishes  that  of  the  other  constituents, 
and  also  the  general  quantity  of  milk.  A  rich  meat  diet 
increases  both  the  general  quantity  and  the  percentage  of  fats 
and  proteids. 

The  quantity  of  milk  secreted  in  the  twenty-four  hours  is 
extremely  variable  in  different  individuals,  and  under  different 
circumstances  in  the  same  individual — the  average  in  genera] 
being  about  two  pints. 

The  amount  of  the  different  materials  in  milk  varies  under  the 
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following  rules.  The  proportion  of  albumin  increases  as  the  milk 
sugar  decreases,  and  the  fat  remains  the  same  as  the  period  of 
lactation  advances.  The  portions  of  milk  last  drawn  are  much 
richer  in  fats  than  that  which  is  first  taken  from  the  gland.  In 
the  evening  the  milk  is  richer  in  fat  than  in  the  morning.  The 
general  amount  of  solid  constituents  falls  up  to  the  age  of  thirty 
years,  then  gains  slightly  until  thirty-five,  after  which  age  the 
milk  becomes  decidedly  thinner.  These  points  should  be  borne 
in  mind,  as  a  knowledge  of  them  may  prove  useful  in  the  selec- 
tion of  a  wet-nurse. 

Motie  of  Secretion. — Although  the  blood  contains  albumins, 
33 
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fats,  etc.,  very  similar  to  those  which  form  the  solid  parts  of  the 
milk,  we  have  good  reason  for  thinking  that  the  constituents  of 
milk  are  not  merely  extracted  from  the  blood,  but  that  the  manu- 
facture of  this  valuable  secretion  is  due  to  the  activity  of  the 
protoplasm  of  the  gland  cells,  which  construct  the  various  ingre- 
dients out  of  their  substance. 

It  has  been  suggested,  as  a  simple  explanation  of  the  forma- 
tion of  milk,  that  the  cells  undergo  fatty  degeneration,  and  the 
secretion  is  then  only  the  debris  of  the  degenerated  cells. 

Some  facts  support  this  view.  In  the  first  place,  the  ingredi- 
ents one  finds  in  milk  are  suggestive  of,  though  not  identical 
with,  the  chemical  materials  which  can  be  obtained  from  proto- 
plasm by  chemical  disintegration  rather  than  of  any  group  of 
substances  found  in  the  blood.  Further,  we  find  that  the  so- 
called  colostrum  corpuscles,  which  appear  to  be  secreting  cells 
filled  with  fat  particles,  are  thrown  off  from  the  gland  in  the 
early  stages  of  the  secretion,  and  appear  in  numbers  in  the  milk. 

But  these  colostrum  corpuscles  soon  cease  to  be  thrown  off  in 
the  secretion,  and  the  saccules  of  the  glands  during  active  lacta- 
tion do  not  contain  any  signs  of  the  debris  of  cast-off  cells,  or  any 
gradations  in  degeneration.  Only  one  row  of  finely-granular 
cells  is  found  lining  the  saccules,  and  the  cavities  are  filled  with 
globules  of  various  sizes.  From  this  it  would  appear  that  in  the 
earlier  stages  of  the  production  of  the  secretion,  the  mammary 
cells,  after  a  long  jjeriod  of  inactivity,  are  so  unaccustomed  to  the 
duty  they  are  caljed  upon  to  perform,  that  they  succumb  in  the 
effort,  and,  being  unable  to  produce  the  rich  secretion  and  retain 
their  vitality,  they  are  cast  off.  Their  offspring,  however,  after 
a  generation  or  two,  acquire  the  necessary  faculty  of  making 
within  their  protoplasm  all  the  necessary  ingredients  of  the  milk, 
and  discharge  them  into  the  lumen  of  the  saccules  without  them- 
selves undergoing  any  destructive  change. 

The  composition  of  the  milk  teaches  us  that  the  cells  of  this 
gland  can  manufacture  from  their  own  protoplasm  casein,  fat, 
milk  sugar,  etc.,  which  fact  shows  beyond  doubt  that  these  com- 
plex materials  may  be  made  in  the  body. 

The  influence  of  the  nenwus  system  on  the  secretion  of  the  mam- 
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mary  glands  is  distinctly  shown  by  the  wonderful  sympathy 
between  the  action  of  these  glands  and  the  conditions  of  the 
generative  apparatus.  Further,  different  emotions  have  an 
effect,  not  only  on  the  quantity,  but  also  on  the  quality  of  the 
secretion.  Local  stimulation  also  promotes  the  secretion,  for  the 
application  of  the  child  to  the  breast  at  once  produces  this  effect, 
partly,  it  may  be,  through  mental  influences,  but  chiefly,  no 
doubt,  by  reflex  excitation  of  the  gland  following  the  local  stimu- 
lation. 

For  the  details  of  the  dietetic  value  of  milk,  see  Chapter  V,  on 

* 

Food,  p.  102. 

EXCRETIONS. 

The  term  excretion  is  commonly  used  to  denote  a  gland  fluid 
the  chief  constituents  of  which  are  manufactured  by  other  tissues, 
and  are  of  no  use  in  the  economy,  but,  on  the  contrary,  require 
to  be  continually  removed  in  order  that  their  accumulation  in 
the  blood  may  not  give  rise  to  injurious  consequences.  These 
effete  matters  are  the  outcome  of  the  various  chemical  changes 
in  the  tissues,  whence  they  are  collected  by  the  blood  and  carried 
to  the  glands  which  preside  over  their  elimination. 

The  next  group  of  cutaneous  glands  is  commonly  arranged 
among  the  excretory  organs,  though  its  more  important  func- 
tion, as  will  hereafter  appear,  is  to  supply  surface  moisture  for 
the  purpose  of  regulating  the  temperature. 

SUDORIFEROUS  GLANDS. 

The  sweat  glands  are  distributed  all  over  the  cutaneous  surface, 
but  in  some  parts,  such  as  the  axilla,  perineum,  etc.,  they  are 
both  more  abundant  and  larger  than  elsewhere.  They  are  simple 
tubes  extending  in  a  more  or  less  wavy  manner  through  the  skin, 
and  ending  in  a  rounded  knot  formed  of  several  coils  of  the  tube 
some  way  beneath  the  corium,  where  they  are  surrounded  by  a 
capillary  plexus.  The  tube  is  lined  with  glandular  epithelium, 
and  its  basement  membrane  is  beset  with  longitudinally  arranged 
smooth  muscle  fibres. 

The  secretion  of  sweat  is  always  going  on,  though  it  does  not 
constantly  appear   as  a  moisture   on   the  surface,  because   the 
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amount  produced  is  only  just  equal  to  the  amount  of  evaporation 
that  takes  place.  In  this  case  it  is  spoken  of  as  insensible  per- 
spiration. Under  certain  circumstances  the  sweat  collects  on  the 
surface  and  becomes  obvious  as  liquid — sensible  perspiration — 
which  bathes  the  skin,  being  produced  more  rapidly  than  it  can 
be  evaporated.  The  quantity  of  secretion  necessary  to  become 
sensible  varies  with  the  dryness  and  heat  of  the  air,  that  is,  with 
the  rapidity  with  which  evaporation  takes  place.  It  happens, 
however,  that  the  very  circumstances  which  tend  to  assist  evapo- 
ration also  promote  the  secretion  of  sweat.  Indeed,  the  effect  of 
great  heat  and  dryness  of  the  aiV  is  to  increase  the  cutaneous 
secretion  more  rapidly  than  they  increase  the  cajjability  of  evapo- 
ration, and  therefore,  when  the  air  is  hot  and  dry  and  evaporation 
is  going  on  very  actively,  we  have  the  secretion  of  sweat  made 
sensible  to  our  feelings.  When  dampness  is  associated  with 
warmth  of  the  atmosphere  the  sweat  collects  in  large  quantities 
on  the  skin,  for  the  heat,  as  we  shall  see  hereafter,  aids  the 
secretion,  and  the  damp  air  impedes  the  evaporation. 

The  quantity  of  perspiration  given  off  is  considerable,  but  the 
wide  limits  within  which  the  amount  may  vary  render  an  attempt 
to  express  an  average  in  numbers  useless.  The  amount  will  depend 
on  (i)  the  temperature  of  the  air,  (2)  the  quantity  and  quality  of 
fluids  imbibed,  (3)  the  amount  of  heat  generated  in  the  body, 
and  it  therefore  varies  directly  with  muscular  exercise.  The 
amount  that  becomes  perceptible  to  our  senses  depends  on  the 
im|)ediments  to  evaporation  that  may  exist,  as  well  as  on  the 
amount  of  fluid  produced. 

The  chemical  composition  of  sw^eat  varies  with  the  amount 
secreted.  When  collected  as  a  fluid  by  enclosing  a  part  of  the 
body  in  an  impervious  sac,  it  is  found  to  have  about  two  per  cent, 
of  solid  matters,  the  greater  quantity  of  which  is  made  up  of 
inorganic  salts,  sodium  chloride  being  by  far  the  most  abundant. 
It  also  contains  some  epithelial  debris,  traces  of  neutral  fats,  and 
several  volatile  and  fatty  acids  (butyric,  proprionic,  caproic),  to 
which  it  owes  its  peculiar  smell.  It  is  said  to  contain  urea,  but 
this  has  been  denied ;  and  since  all  the  nitrogenous  income  is 
accounted  for  in  the  urea  excreted  by  the  kidneys,  it  is  probable 
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that  the  cutaneous  elimination  of  urea  is  minimal,  if  not  exclu- 
sively pathological.  It  is  also  said  to  contain  salts  of  ammonia, 
and  it  affords  a  means  of  escape  to  many  drugs.  In  certain  parts 
of  the  body,  especially  in  some  individuals,  it  contains  a  consid- 
erable amount  of  pigments,  varying  in  color  from  brick-red  to 
bluish-black,  which  need  not  be  here  further  described. 

The  effect  of  nervous  influence  on  the  secretion  of  sweat  is  so 
associated  with  the  nervous  mechanisms  of  the  cutaneous  vessels 
that  under  ordinary  circumstances  it  is  a  difficult  matter  to  sepa- 
rate them.  There  can  be  no  doubt,  however,  that  a  special  ner- 
vous control  is  exerted  over  the  production  of  sweat.  This 
appears  to  be  observable  in  some  diseases,  the  poisons  of  which 
variously  affect  the  two  sets  of  nerves.  Thus,  in  fever,  we  observe 
a  dry  red  skin,  accompanied  by  an  increased  supply  of  blood  and 
a  suppression  of  the  secretion  of  the  sweat  glands;  while  in  cer- 
tain stages  of  acute  rheumatism  the  exact  opposite  is  seen,  /.  e.,  a 
profuse  sweat  drips  from  the  pale,  bloodless  skin.  It  has,  more- 
over, been  recently  shown  that  in  some  animals  (cats)  the  stimu- 
lation of  the  sciatic  nerve,  causing  contraction  of  the  blood  ves- 
sels, produces  at  the  same  time  a  copious  secretion  of  sweat ;  and 
a  warm  atmosphere  is  said  to  have  no  effect  on  the  secretion  of  a 
limb  the  nerve  of  which  has  been  cut,  although  the  warmth  be 
so  great  as  to  make  the  rest  of  the  animal's  body  sweat  profusely. 

The  effect  of  drugs  upon  the  cutaneous  secretion  is  well  known. 
There  is  a  large  group  of  medicines,  esj)ecially  pilocarpin,  which 
produce  an  increased  flow,  while  many  others,  notably  atropin, 
have  a  contrary  effect. 

CUTANEOUS  DESQUAMATION. 

Together  with  cutaneous  excretion  should  be  mentioned  the 
continuous  and  extensive  loss  all  over  the  surface  of  the  body, 
from  the  casting  off  of  the  superficial  layers,  of  the  dried  horny 
cells  of  which  the  outer  part  of  the  skin  is  comj)osed. 

The  way  in  which  the  cells  of  the  mammary  gland  produce 
their  imjKjrtant  secretion  is  by  their  protoplasm  adopting  a  pecu- 
liar method  of  fat  manufacture,  while  all  the  strength  of  its 
nutritive  powers  is  devoted  to  the  elaboration  of  the  constituents 
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of  milk.  In  a  similar  way  the  cells  of  the  epidermis  devote 
their  nutritive  activity  to  the  production  of  a  certain  material — 
keratin — which  cannot  be  called  a  secretion  in  the  ordinary  accep- 
tation of  the  term,  but  which  is  certainly  elaborated  as  the  result 
of  the  nutritive  changes  going  on  in  the  protoplasm  of  the  cell 
during  its  life  history,  just  as  many  other  substances  are  produced 
as  the  result  of  the  nutritive  activity  of  gland  cells. 

The  work  of  the  epidermal  cells  supplies — not  a  peculiar 
chemical  reagent,  as  do  some  of  the  gland  cells  of  the  digestive 
tract,  nor  yet  a  nutrient  fluid,  like  milk — but  an  insoluble,  imper- 
vious, tough  coating,  for  the  exterior  of  the  body,  which,  though 
thin  and  elastic,  is  very  strong  and  resisting. 

The  nearest  analogy  among  the  secretions  to  the  keratin  in 
the  epidermal  cells  is  the  production  of  mucin  in  the  cells  of  the 
epithelial  lining  of  the  mucous  membranes.  Both  substances 
may  be  looked  upon  as  excretions,  as  they  do  not  reenter  the  sys- 
tem, being  cast  off,  but  each  of  them  perform  a  definite  function, 
and  is  produced  by  special  protoplasmic  elements,  like  the  secre- 
tions more  generally  recognized  as  such. 

The  amount  of  nitrogenous  substances  thus  excreted  cannot 
well  be  reckoned,  but  having  regard  to  the  great  extent  of  sur- 
face from  which  they  are  derived,  it  must  be  considerable. 


iTROCTUHE  OF  THE    KIDNEYS. 


CHAPTER  XXir. 
URINARY  EXCRETION. 


The  urine  is  the  most  important  fluid  excretion,  for  by  it,  in 
mammalia,  nearly  all  the  nitrogen  of  the  used-up  proteid  leaves 
the  body  in  the  form  of 

urra.    The  construction  of  ^'°- "°- 

the  urinary  glands  is  pecu- 
liar, and  requires  special 
notice. 


The    kidneys    may    be  ^ 

called  complex  tubular 
glands,  because  the  tubes 
of  which  they  are  com-  "^ 
posed  are  made  tip  of  a 
number  of  parts  essentially 
differing  from  one  another 
both  in  their  structure  and 
in  their  relation  to  the 
blood  vessels. 

The  tubes  begin   by  a 
small   rounded    dilatation 

(Malpighian     capsule),  s«,ioo  of  Kid-cy  m  M,n. 

which  is  lined  by  thin  flat-     ,.  conici  >i.b>u««  c:o«p»«i  thkRy  of  convo. 
tened  epithelium.  Opening  '"iy'' py,^mid,'^orm"T*  MiriTnVof  "t^i'ii 

from  this  capsule,  Fig.   I  71       i_  pyramid,   of  ■n.dulb.ry  s»b««ncc,  »o,p»od 

(g),   is    found   a   tortuoiLs  ■rf-^««'giii  liibes.  =ic.,  ^dialing  «>»=r/ «,- 

tubule  {/),  lined  by  \tecu-     '^'  *i™^'^'^™'  "'""'"  '"''rog  from  ctmtai 
iiarlarge,rod-beset,epithe-     '■  ^j:^^.'./.)'^"''  '""  '"'"'  "*""  '"'"  '^'''''" 
lial  cell.s,  which  occupy  the 
greater  portion  of  its  diameter.     This  convoluted   tubule  (/) 
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leads  into  a  tube  (f)  of  much  less  external  diameter,  but  about 
equal  lumen,  owing  to  the  thinness  of  its  lining  epithelium,  the 
cells  of  which  are  more  flattened  and  much  thinner  than  those  in 


varioui  Tubuki  highly  ntii£qi> 
cd,  >hnwii>E  ihc  nlatlsB  of  <h(  Using 
lilheJiumlalhcwallDr  the  lubt.    (Cn- 

'.'  Co^fnn-nMl  or'lO^-i  loop. 

the  tortuous  tubes.  This  thin  tube  forms  a  loop  extending  down 
to  the  medullary  pyramid  and  returning  to  the  cortex,  where  it 
can  be  seen  to  become  again  convoluted  (rf)  and  then  to  open 


rfind  r.  Looped  lub.ik  ol^Hcnle. 
/  Convolutec!  lubuln  oT  cortei. 
f.  Ciptule  fiom  which  ihc  laiUr  ip> 


BLOOD   VESSELS.  393 

into  a  straight  collecting  tube.  The  collecting  tubes  {c,  ti)  receive 
many  similar  tributary  lubes  oti  their  way  toward  the  apex  of 
the  medullary  pyramid,  where  they  pour  their  contents  into  the 
pelvis  of  the  kidney.  The  epithelial  lining  of  these  collecting 
tubes  is  of  the  ordinary  cylindrical  type. 

We  thus  find  four  kinds  of  epithelial  cells  in  the  various  jwrts 
of  the  urinary  tubules,  viz.,  scaiy  cells  in  the  capsule;  peculiar 
rod-beset  glandular  cells  in  the  convoluted  tubes  ;  ftattened  cells 
in  a  great  part  of  the  loop ;  and  ordinary  cylindrical  cells  in  the 
large  straight  tubes.     (Figs.  172  and  173)- 

BLOOD  VESSELS. 

'I'he  renal  artery,  on  its  way  from  the  hihis  to  the  boundary 

between  the  cortical  and  medullary  |>ortions  of  the  kidney,  breaks 


up  suddenly  into  numerous  small  branches  ;  these  vessels  then 
form  arches,  which  run  along  the  base  of  the  pyramids.  From 
the  latter,  straight  branches,  called  interlobular  arteries,  pass 
toward  the  surface,  and  give  off  lateral  branchlets,  which  form 
the  afferent  vessels  to  the  neighboring  Malpighian  capsules. 
Within  the  capsules  the  afferent  arteries  at  once  break  up  into 
a  series  of  ca]»illary  loops,  forming  a  kind  of  tuft  of  fine  vessels 
— \h.e  glomerulus,  which  fills  the  cavity  at  the  beginning  of  the 
tubules,  and  is  only  covered  by  thin,  scaly  epithelial  cells,  and 
thus  separated  from  the  urine.  It  is  a  singular  fact  that  in  the 
renal  circulation  the  efferent  vessel,  on  leaving  the  glomeniius, 
does  not,  like  most  veinlets,  unite  with  others  to  form  a  large 
vein,  but  again  breaks  up  into  capillaries,  which  form  a  dense 
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meshwork  around  the  convoluted  tiibufes.  The  blood  is  thence 
conveyed  to  small  straight  veins  corresponding  to  the  intra- 
lobular arteries. 

Another  striking  peculiarity  of  the  renal  vessels  is  that  a  dis- 
tinct series  of  arteries,  starting  from  the  same  point  as  the  inter- 
lobular (between  the  cortex  and  medulla),  pass  toward  the  centre 
of  the  gland  into  the  pyramids.  They  consist  of  bunches  of 
straight  arterioles,  which  lie  between  the  straight  and  the  looped 
tubules.     CorresjMnding  with  these  straight  arteries  are  minute 


straight  veins,  which  carry  the  blood  back  to  the  vessels  at  the 
base  of  the  pyramids. 

In  the  kidney,  then,  we  have  three  sets  of  capillary  vessels, 
which  differ  in  their  position,  the  form  of  their  meshes,  and  their 
relation  to  their  [wirent  artery.  Proltably  the  pressure  exerted 
by  the  blood  in  them,  and  the  rapidity  of  its  flow  through  them, 
differ  also  :— 

I.  The  capillaries  in  the  glomeruli  are  loo]«  colle<:ted  into  a 
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tuft  by  their  covering  of  delicate  epithelium.  On  account  of 
their  relation  to  the  afferent  artery  which  ends  abruptly  in  these 
capillaries,  and  to  the  smaller  efferent  vessel  that  leads  to  a 
secondary  plexus  of  capillaries,  the  pressure  within  the  glome- 
ruhis  must  be  very  great  compared  with  that  of  the  general  capil- 
laries of  the  body,  and  must  vary  much  with  changes  in  local 
blood  pressure. 

2.  The  secondary  capillary  plexus,  with  its  narrow  meshwork 
closely  investing  the  tubules,  can  only  be  under  comparatively 
trifling  pressure  which  varies  but  little,  on  account  of  the  blood 
having  first  to  pass  through  the  capillaries  of  the  glomerulus. 
Their    current    of    blood 

must    also    move    slowly,  '"'  '"' 

since  the  bed  of  the  stream 
is  here  very  great. 

3.  The  straight  vessels, 
with  long  meshed  capiU 
laries,  in  the  pyramids  be- 
tween the  loojjed  and 
straight  tubules,  are  un- 
like the  two  preceding. 
In  these  straight  ves-sels 
the  blood  probably  flows 
with  greater  velocity  than 
in  those  around  the  convo- 
luted tubes ;  and  their 
blood  pressure  is  less  than 
that  in  the  glomeruli,  but 
greater  than  that  in  the 
intertubular  capillaries. 


THE  URINE. 
When  freshly  voided, 
the  urine  of  man  in  health 
is  a  clear  straw-colored 
fluid,  with  a  peculiar  aro- 
matic odor.  The  intensity 
of  the  color  varies  with  the  amount  of  solids — the  color  being  a 


kidiKy.    The  upp 
't  oiin.  *ThrVl" 
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rough  indication  of  the  degree  of  concentration.  On  standing 
and  cooling,  a  slight  cloud  of  mucus  often  appears  floating  in  the 
fluid.  This  comes  from  the  lining  membrane  of  the  bladder, 
and  it  usually  entangles  a  few  flattened  epithelial  cells,  which 
are  the  only  organized  structural  elements  found  in  it  in  health. 

The  fresh  urine  has  a  distinctly  acid  reaction.  This  does  not 
depend  upon  the  presence  of  free  acid,  but  upon  the  large  amount 
of  acid  salts,  particularly  acid  sodium  phosphate,  which  it  inva- 
riably contains.  A  strictly  vegetable  diet  renders  man's  urine 
alkaline,  and  it  is  said  to  become  less  acid  after  meals.  In  the 
herbivorous  mammalia  the  urine  is  normally  alkaline  so  long  as 
their  digestion  is  going  on,  but  when  they  are  deprived  of  food 
for  some  time,  it  becomes  acid,  showing  that  the  alkalinity 
depends  upon  their  diet. 

The  specific  gravity  of  urine  varies  greatly  at  different  times, 
commonly,  however,  ranging  between  the  figures  1015-1020. 
After  copious  drinking,  abstinence  from  proteid  food,  and  in  cool 
weather,  it  may  fall  as  low  as  1003 ;  and  after  prolonged  absti- 
nence from  liquids,  much  animal  food,  and  very  active  sweating, 
it  may  attain  1040. 

The  quantity  of  urine  secreted  is  also  very  variable,  that  pro- 
duced by  an  adult  usually  amounting  to  about  2  pints  per  diem 
(1000-1500  cc).  The  amount  is  increased  by — (i)  elevation 
of  the  general  blood  pressure,  or  the  pressure  in  the  arteries  from 
any  cause  whatever;  (2)  contraction  of  the  cutaneous  vessels 
from  cold ;  (3)  copious  drinking ;  (4)  excess  of  nitrogenous  diet ; 
(5)  the  presence  of  soluble  matter  in  the  blood,  such  as  sugar, 
salt,  etc. ;  and,  (6),  the  presence  of  urea  as  well  as  various  medi- 
caments, has  a  special  action  on  the  renal  secretion,  greatly 
increasing  the  amount  of  urine  passed. 

Although  the  quantity  of  urine  differs  so  much  under  diff*erent 
circumstances,  the  amount  of  solids  excreted  by  the  kidneys  in 
the  24  hours  remains  pretty  much  the  same,  being  on  an  average 
over  lyi  oz.  ('50  grammes)  for  an  adult  man. 

From  this  it  is  obvious  that  the  height  of  the  sp.  gr.  must  vary 
inversely  with  the  amount  secreted,  so  that  the  more  scanty  the 
urine  the  higher  we  exi>ect  to  find  the  i>ercentage  of  solids. 
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SECRETION  OF  THE  URINE. 

We  have  just  seen  that  the  arterial  twig,  or  afferent  vessel^ 
which  enters  the  capsule  of  Malpighi,  breaks  up  into  a  set  of 
capillary  loops,  which  are  only  covered  by  a  single  layer  of  ex- 
tremely thin  epithelial  cells  separating  them  from  the  lumen  of 
the  urinary  tubule,  and  that  the  pressure  in  the  vessels  of 
the  glomerulus  is  habitually  higher  than  that  in  most  capillaries, 
and  constantly  greater  than  that  of  the  second  capillary  network 
around  the  convoluted  tubules. 

The  general  arrangement  of  these  vessels,  and  the  high  pres- 
sure in  the  glomerulus,  give  the  impression  that  it  is  simply  a 
filtering  apparatus  by  means  of  which  the  fluid  parts  of  the  blood 
pass  into  the  urinary  tubules.  This  view  seems  supported  by  the 
fact  that  the  quantity  of  urine  secreted  bears  a  direct  proportion 
to  the  blood  pressure  in  the  minute  renal  vessels,  whether  the 
change  in  pressure  depends  on  local  vascular  mechanisms  or  on 
changes  in  the  general  blood  pressure. 

Such  a  theory,  however,  cannot  adequately  explain  the  Forma- 
tion of  urine,  because  the  urine  differs  so  materially  from  the 
fluid  one  could  obtain  as  a  filtrate  from  the  blood.  In  health  it 
contains  no  albumin,  a  substance  in  which  the  blood  is  very 
rich ;  and  it  is  much  richer  in  urea  and  salts  than  the  blood. 
There  is,  therefore,  both  a  quantitative  and  qualitative  difference, 
which  implies  a  distinct  process  of  selection,  and  although  filtra- 
tion may  oot  be  altogether  excluded  from  the  process,  it  must  be 
completely  modified  by  other  forces. 

In  the  general  description  of  the  structure  of  the  organ  it  was 
seen  that  in  a  great  part  of  the  tubules,  both  the  epithelial  and 
vascular  supply  give  the  idea  of  actively  secreting  gland  tubes. 
From  the  mere  construction  of  the  different  portions  of  the  gland, 
it  has  been  concluded  that  there  are  two  distinct  departments, 
each  of  which  plays  a  different  part  in  the  production  of  the  urine. 
One  is  said  to  be  a  simple  filtering  mechanism,  and  the  other 
a  definitely  secreting  glandular  tubule. 

It  is  not  surprising  that,  with  such  a  complex  arrangement  as 
the  tubules  above  mentioned,  there  should  exist  different  views 
as  to  the  exact  mode  in  which  the  urine  is  secreted.     As  these 
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are  more  or  less  at  variance  in  their  explanation  of  the  method 
of  secretion,  and  as  it  is  difficult  to  put  any  of  them  aside  as 
quite  erroneous,  it  becomes  necessary  to  enumerate  each  some- 
what in  detail. 

Feeling  convinced  of  the  filter-like  function  of  the  glomenjlus, 
and  recognizing  the  fact  that  some  other  agency  was  also  at 
work  in  the  formation  of  urine,  Bowman  explained  the  process 
thus:  From  the  glomerulus  the  watery  parts  of  the  fluid  are 
filtered,  while  the  glandular  epithelium  selects  the  important 
solid  constituents  which  it  is  necessary  to  remove  from  the 
blood. 

Ludwig  takes  a  different  view.  He  believes  that  the  watery 
part  of  the  plasma,  bearing  with  it  the  salts,  etc.,  is  filtered  from 
the  glomerulus.  As  this  fluid  passes  through  the  tortuous  uri- 
nary tubules,  a  large  portion  of  the  water  is  reabsorbed  into  the 
capillary  networks  surrounding  them.  This  reabsorption  is 
assisted  by  the  high  specific  gravity  of  the  blood  and  the  low 
pressure  in  these  capillaries  as  compared  with  those  of  the  glome- 
ruli, where  the  filtration  of  the  liquid  occurs.  The  role  of  the 
epithelium  is  not  then  selection  from  the  blood  of  specific  mate- 
rials, but  possibly  the  prevention  of  the  return  of  the  solids  with 
the  water  back  to  the  blood  vessels. 

Heidenhain  attempted  to  settle  the  question  as  to  the  function 
of  the  renal  epithelium,  by  introducing  into  the  blood  a  blue 
coloring  matter — pure  sodium  sulphindigotate — which  he  found 
to  be  eliminated  by  the  kidneys,  giving  rise  to  blue  urine.  On 
examining  the  organ  with  the  micro.scope  at  a  suitable  time  after 
the  injection  of  the  color  into  the  blood,  the  tubules  are  found  to 
be  filled  with  the  pigment,  and  >n  some  cases  the  peculiar  epithe- 
lium of  the  convoluted  tubules  is  stained  with  the  blue  substance, 
while  the  glomerulus  and  capsule  are  entirely  free  from  the  color. 
If  the  stream  of  fluid  from  the  glomerulus  be  stopj^ed  in  any 
way — tying  the  ureter,  section  of  the  spinal  cord,  or  local  destruc- 
tion of  the  glomeruli — the  blue  color  is  only  to  be  found  in  the 
convoluted  tubes  and  their  epithelium,  and  hence  it  has  been 
concluded  that  its  presence  in  the  looped  and  collecting  tubes  of 
the  kidneys  and  urinary  bladder  dei)ends  upon  its  being  washed 
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out  of  the  convoluted  tubes  by  the  stream  of  fluid  filtered  from 
the  blood  at  the  glomerulus. 

The  following  facts  may  also  be  adduced  in  further  support  of 
the  view  tliat  the  glandular  epithelium  has  a  considerable  share 
in  the  removal  of  the  more  important  solid  constituents  of  the 
urine. 

The  epithelium  in  the  tubules  of  the  kidney  of  birds  is  found 
impregnated  with  acid  urates,  which  form  the  chief  solid  con- 
stituents of  the  urine  of  birds. 

The  amount  of  liquid  passing  out  at  the  kidneys  is  in  direct 
proportion  to  the  blood  pressure,  whereas  the  excretion  of  the 
specific  constituents  of  urine  is  independent  of  the  pressure,  but 
is  related  to  the  amount  existing  in  the  blood,  and  the  condition 
of  the  epithelium.  This  is  shown  by  the  increased  elimination 
of  urea  when  that  substance  is  artificially  introduced  into  the  cir- 
culation, even  after  the  flow  of  the  fluid  has  been  checked  by 
section  of  the  spinal  cord. 

Another  view  has  been  put  forward,  which,  with  some  modifi- 
cation, appears  plausible,  or  at  least  worthy  of  mention.  Paying 
attention  to  the  fact  that  where  vascular  filtration — /'.  <?.,  the  pass- 
age of  liquid  under  pressure  through  the  capillary  wall — occurs 
elsewhere  in  the  body  it  is  not  only  water  and  salts,  but  plasma 
that  passes  out  of  the  vessels  into  the  interstices  of  the  tissues, 
we  may  then  assume  that  the  fluid  part  of  the  blood,  as  such, 
and  not  merely  its  watery  part,  escapes  at  the  glomerulus.  That 
is  to  say,  the  solid  ingredients  of  the  urine  in  a  diluted  form, 
plus  serum-albumin,  pass  into  the  tubules.  But  on  its  way  down 
the  long  and  circuitous  route  through  the  tubules  the  albumin 
with  much  water  is  reabsorbed  by  the  capillaries  of  the  convo- 
luted tubes.  The  first  step  in  this  case  is  a  mechanical  filtration  ; 
the  second  is  a  vital  process  of  reabsorption  of  a  solution  of 
serum-albumin  carried  on  by  the  gland  cells  in  the  tubules, 
aided  by  the  low  pressure  in  the  peri-tubular  capillary  plexus. 
This  view  seems  supported  by  pathological  experience,  which 
teaches  that  the  removal  of  the  epithelium  of  the  tubes  (the 
glomeruli  remaining  perfect),  is  followed  by  the  appearance  of 
albumin  in  the  urine,  and  cysts  formed  by  the  destruction  of  the 
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epithelium  and  occlusion  of  the  tubules  commonly  contain  a 
fluid  somewhat  like  plasma. 

Doubtless  much  remains  to  be  found  out  as  to  the  exact 
method  of  secretion  of  the  urine,  and  possibly  future  research 
may  show  us  that  all  the  views  here  enumerated  have  some  truth 
in  them.  That  a  filtration,  not  mere  osmosis,  takes  place,  seems 
probable  from  the  special  vascular  mechanism  of  the  glomerules. 
Why  simply  water  and  salts  without  albumin  should  pass  through 
the  capillaries  of  the  glomerulus  and  not  through  any  other 
capillaries,  is  not  sufficiently  explained  to  make  it  sure  that  such 
a  filtration  really  occurs.  That  the  glandular  epithelium  does 
take  an  active  part  in  the  elimination  of  the  urea  is  rendered 
almost  indisputable  from  the  researches  of  Heidenhain.  And 
yet  there  remain  other  parts,  e.g.^  the  loops  of  Henle,  which  are 
invariably  found  in  the  kidney,  and  have  a  special  vascular 
mechanism,  to  which  none  of  the  foregoing  theories  assign  any 
special  or  peculiar  function. 

From  the  foregoing  evidence  we  may  fairly  suppose  that  most 
of  the  urea,  and  possibly  some  other  solid  constituents  of  the 
urine,  are  selected  from  the  blood  by  the  epithelial  cells  of  the 
convoluted  tubules,  that  the  fluid  part  of  the  blood  escapes  at 
the  glomerulus,  and  flows  along  the  varied  and  circuitous  route 
of  the  tubules,  carrying  with  it  the  matters  poured  into  the  tubes 
by  the  cells,  and  that  in  some  part  of  the  tubules  the  dilute 
filtrate  loses  much  of  its  water  and  all  its  albumin. 

CHEMICAL  COMPOSITION  OF  URINE. 

The  percentage  of  the  solid  and  liquid  materials  in  urine 
varies  as  the  secretion  alters  in  strength,  but  on  an  average  it 
may  be  said  to  contain  about  4  per  cent,  of  solids  and  96  per 
cent,  water. 

The  following  are  the  more  important  solid  matters: — 
Urea  is  the  most  important,  and  at  the  same  time  most  abun- 
dant solid  constituent,  commonly  forming  about  2  per  cent,  of  the 
urine.  It  is  regarded  as  the  chief  end-product  of  the  oxidation 
of  the  nitrogenous  matter  in  the  body,  so  that  the  amount 
excreted  per  diem  gives  us  the  best  estimate  of  the  amount  of 
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chemical  change  taking  place  in  the  nutrition  of  the  tissues.  It 
is  readily  soluble  in  alcohol  and  water,  but  insoluble  in  ether. 
It  forms  acicular  crystals  with  a  silky  lustre.  From  a  chemical 
point  of  view  it  may  be  regarded  as  the  monamide  of  carbamic 

acid,  with  the  formula  CO  ]  xrpr^-     It  is  isomeric  with  aramo- 

CN    ) 
nium  cyanate  ^tt    >  O,  from  which  it  was  first  prepared  arti- 
ficially. 

On  exixDsure  to  the  air  bacteria  develop  in  the  urine,  and, 
acting  as  a  ferment,  change  the  urea  into  ammonium  carbonate, 
two  molecules  of  water  being  at  the  same  time  taken  up  thus : — 

CO(NH,^,  +  211,0  -=  (NHJjCCV 

This  gives  rise  to  a  change  in  the  reaction  of  the  urine,  which, 
after  a  time,  becomes  increasingly  alkaline,  and  the  change  is 
commonly  spoken  of  as  the  alkaline  fermentation  of  the  urine. 
This  change  is  extremely  slow  in  solutions  of  pure  urea,  which 
do  not  support  bacterial  life. 

With  nitric  and  oxalic  acids,  urea  forms  si>aringly  soluble  salts 
— a  fact  made  use  of  in  its  preparation  from  urine. 

The  anumnt  of  urea  eliminated  in  the  24  hours  is  about  500 
grains  (35  grammes).  The  amount  varies  (i)  in  some  degree 
with  the  amount  of  urine  secreted  ;  an  increase  in  the  amount  of 
water  being  accompanied  by  a  slight  increase  in  the  urea  elimi- 
nated. Some  materials,  such  as  common  salt,  increase  the  water, 
and  thereby  also  increase  the  urea.  (2)  The  character  and 
quantity  of  the  diet  influences  most  remarkably  the  quantity  of 
urea  given  off,  the  amount  increasing  in  direct  proportion  to  the 
quantity  of  proteid  consumed.  Fasting  causes  a  rapid  fall 
in  the  amount  of  urea ;  even  in  the  later  days  of  starvation  it 
continues  to  fall,  but  very  slowly.  (3)  The  amount  differs  with 
age,  being  relatively  greater  in  childhood  than  in  the  adult 
(about  half  as  much  again  in  proportion  to  the  body  weight). 
(4)  Many  diseases  have  a  marked  influence  on  the  amount  of 
urea.  In  most  febrile  affections  it  increases  with  the  intensity  of 
the  fever,  while  in  disease  of  the  liver  it  often  notably  decreases. 
In  diabetes,  if  the  consumption  of  food  be  very  great,  the  daily 

34 
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excretion  of  urea  may  reach  nearly  4  oz.  (100  grammes)  or  three 
times  as  much  as  normal. 

Preparation. — To  obtain  urea  from  human  urine  it  is  evapo- 
rated to  one-sixth  of  its  bulk,  an  excess  of  nitric  acid  is  added, 
and  it  is  left  to  stand  in  a  cool  place.  Impure  nitrate  of  urea 
separates  from  the  fluid  as  a  yellow  crystallized  precipitate.  This 
sparingly  soluble  salt  is  caught  on  a  filter,  dried,  dissolved  in 
boiling  water,  mixed  with  animal  charcoal  to  remove  the  color- 
ing matter,  and  filtered  while  hot ;  when  the  filtrate  cools,  color- 
less crystals  of  nitrate  of  urea  are  deposited.  The  precipitate  is 
dissolved  in  boiling  water,  and  barium  carbonate  added  as  long 
as  effervescence  takes  place,  barium  nitrate  and  urea  being  pro- 
duced. This  is  evaporated  to  dryness,  and  the  urea  extracted 
with  absolute  alcohol,  which,  on  evaporation,  leaves  crystals  of 
pure  urea. 

Estimation, — Urea  can  be  estimated  volumetrically  by  the 
method  of  Liebig,  which  depends  on  the  power  of  mercuric 
nitrate  to  give  a  precipitate  with  it.  The  sulphates  and  phos- 
phates must  be  first  removed  by  the  addition  of  40  cc.  of  a  mix- 
ture of  I  volume  saturated  barium  nitrate  and  2  volumes  satu- 
rated solution  of  caustic  baryta,  to  40  cc.  of  urine.  This  is 
filtered,  and  from  the  filtrate  an  amount  corresponding  to  10  cc. 
urine  is  taken.  Into  this  known  volume  of  "urine  a  standard 
solution  of  mercuric  nitrate  (of  which  i  cc.  corresponds  to  i 
centigramme  of  urea)  is  dropped  until  a  sample  drop  of  the 
liquid,  mingled  on  a  watch  glass  with  a  drop  of  concentrated 
sodium  carbonate  solution,  gives  a  yellow  color,  which  indicates 
that  some  free  mercuric  nitrate  is  present.  For  every  cubic 
centimetre  of  the  standard  mercuric  solution  used,  there  is  one 
centigramme  of  urea  in  the  sample  of  urine ;  a  reduction  of  2  cc. 
should  be  made  from  the  mercuric  solution  used  in  the  exi)eri- 
ment,  on  account  of  the  chlorides,  which  are  present  in  tolerably 
constant  amount. 

Another  simple  and  more  accurate  method  consists  in  mixing 
known  quantities  of  urine  and  sodium  hypobromite  (NaBrO) 
with  excess  of  caustic  soda.     The  urea  is  decomposed  in  the 
presence  of  this  salt,  and  free  nitrogen  evolved — 
CONjH^  +  3(NaBrO)  +  2(NaOH)  =  3NaBr  -|-  Na,COg  -f  3H,0  -f-  2N. 
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The  quantity  of  urea  may  be  determined  by  ascertaining  the 
volume  of  nitrogen,  which  can  be  measured  directly  in  a  gradu- 
ated tube.  37.5  cc.  of  N  represents  o.i  gramme  of  urea  at 
ordinary  temperature  and  pressure. 

Uric  acid,  of  which   the  formula   is   CjH^N^Oj   or    CgHjOs 

(NH.CN)s,  is  only  present  in  extremely  small  quantities  in  the 

■ 

normal  urine  of  mammalia,  but  in  birds,  reptiles  and  insects  it 
forms  the  chief  ingredient  of  the  renal  secretion.  It  is  sparingly 
soluble  in  water,  and  insoluble  in  alcohol  and  ether.  However, 
in  solutions  of  the  neutral  phosphates  and  carbonates  of  the 
alkalies  it  combines  with  some  of  the  base,  so  as  to  form  acid 
salts,  and  at  the  same  time  converts  the  neutral  into  acid  phos- 
phates, to  which,  as  has  been  already  stated,  the  urine  owes  its 
acid  reaction.  These  salts  are  more  soluble  in  warm  than  in 
cold  water,  and  hence  generally  fall  as  a  sediment  when  the 
urine  cools.  Uric  acid  is  readily  converted  into  urea  by  oxida- 
tion, and  is  probably  one  of  the  steins  in  the  formation  of  urea 
generally  occurring  in  the  body  during  the  gradual  oxidation  of 
the  proteid  bodies. 

The  presence  of  uric  acid  may  be  recognized  by  the  murexide 
test.  The  substance  to  be  tested  is  gently  heated  in  a  flat  cap- 
sule with  some  nitric  acid.  A  decomposition  occurs,  N  and  CO, 
going  off,  urea  and  alloxan  remaining  as  a  layer  of  yellow  fluid. 
If  this  be  cautiously  evaporated,  and  a  drop  of  ammonia  added, 
a  striking  purple  red  color  is  produced,  which  the  addition  of 
potash  turns  violet. 

The  amount  of  uric  acid  normally  follows  pretty  closely  the 
variations  in  urea,  but  is  usually  only  about  8  grains  (.5  gramme) 
l^er  diem.  In  certain  diseases  the  quantity  may  be  much  in- 
creased. For  the  quantitative  estimation,  w^hich  is  seldom  de- 
cided by  the  practitioner,  the  student  must  consult  the  text-books 
of  physiological  chemistry. 

Kreatinin  (C4H7N3O)  is  always  present  in  urine,  probably 
being  formed  from  kreatin  by  the  loss  of  one  molecule  of  water. 
About  15  grains  (i  gramme)  is  excreted  per  diem. 

Xanthin  (C5H4N402)  also  occurs  in  urine,  but  in  extremely 
small  quantities. 
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Hippuric  acid  (CjHjNOg)  is  a  normal  constituent  of  human 
urine,  occurring,  however,  in  very  small  quantities.  On  the 
other  hand,  it  is  one  of  the  most  important  nitrogenous  constitu- 
ents of  the  urine  of  the  herbivora,  where  it  takes  the  place  of  uric 
acid.  Its  presence  depends  on  the  existence  of  certain  ingredi- 
ents (benzoic  acid,  etc.)  in  the  food,  which  are  capable  of  com- 
bining with  glycin,  and  forming  a  conjugated  acid,  a  molecule 
of  water  being  formed  at  the  same  time,  thus — 

Benzoic  Acid.  Glycin.  Hippuric  Acid.  Water. 

C^H.O,     -f     C.HsNO,     =     C.H^NO,     -f-     H,0. 

The  amount  of  hippuric  acid  increases  with  increased  consump- 
tion of  vegetable  food,  in  the  cellulose  of  which  the  materials 
exist  that  are  required  for  its  formation.  The  union  of  glycin 
and  benzoic  acid  may  take  place  in  the  liver,  for,  after  removal 
of  that  organ,  benzoic  acid  injected  into  the  veins  appears  un- 
changed in  the  urine ;  but  the  extirpated  kidney  is  also  said  to 
be  capable  of  effecting  this  .synthesis. 

Oxalic  acid  (CaH^O*)  occurs  often,  but  not  constantly,  in  the 
urine.  It  is  generally  united  with  lime.  It  is  said  to  appear  in 
greater  quantity,  together  with  an  excess  of  uric  acid,  after  meals, 
and  therefore  to  be  related  to  the  production  of  the  latter  in  the 
body;  but  it  probably  is  chiefly  derived  from  oxalates  con- 
tained in  some  materials  taken  with  the  food. 

COLORING  MATTERS. 

It  appears  probable  that  the  color  of  the  urine  depends  on  the 
presence  of  small  quantities  of  distinct  substances  which  have 
different  origins  in  the  body.  Three  such  have  been  described, 
and  may  be  taken  provisionally  to  represent  our  knowledge  of 
the  subject : — 

1.  Urobilin^  which  is  an  outcome  of  the  coloring  matter  of 
the  bile,  and  therefore  a  remote  derivative  of  the  coloring  mat- 
ter of  the  blood,  is  frequently  present  in  the  urine.  It  is  proba- 
bly the  same  as  hydrobilirubin,  some  of  which  is  occasionally 
absorbed  from  the  intestinal  tract  and  eliminated  by  the  kid- 
neys. 

2.  Urochrome  is  said  to  be  the  special  pigment  of  the  urine.    It 
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oxidizes  on  exposure,  forming  a  reddish  substance  that  gives  the 
dark  color  to  some  urinary  sediments  {Uroerythriti). 

3.  A  certain  material  (^Indican)  capable  of  producing  Indigo , 
is  commonly  present  in  the  urine  of  man,  and  in  greater  quantity 
in  that  of  some  animals,  particularly  the  horse.  It  is  supposed 
to  be  formed  from  the  indol  that  arises  from  the  putrefactive 
changes  consequent  on  the  pancreatic  digestion.  The  indol  is 
absorbed  and  unites  with  sulphuric  acid  to  form  Indican,  which 
is  a  yellow  substance.  Under  certain  conditions  it  can  be  con- 
verted by  oxidation  into  indigo-blue. 

INORGANIC  SALTS. 

The  urine  is  the  great  outlet  for  all  inorganic  salts.  The  most 
important  of  these  are — 

Common  salt  (NaCl),  of  which  a  very  variable  but  always 
considerable  amount  passes  away  in  the  urine.  The  average 
quantity  excreted  per  diem  may  be  said  to  be  about  half  an  oz. 
(15  grammes).  It  depends  greatly  on  the  quantity  taken  with 
the  food,  and  falls  during  starvation,  but  does  not  completely 
disappear.  It  is  said  that  if  absolutely  no  common  salt  be  taken 
with  the  food  the  quantity  of  NaCl  excreted  diminishes  greatly, 
and  albumin  appears  in  the  urine  about  the  third  day.  The 
amount  of  salt  eliminated  follows,  with  striking  accuracy,  the 
changes  that  take  place,  at  different  times  and  under  different 
circumstances,  in  the  quantity  of  urea  excreted.  These  facts 
seem  to  indicate  that  there  is  some  relationship  between  the  secre- 
tion of  the  two  bodies,  or  that  sodium  chloride  participates  in 
the  chemical  changes  of  the  nitrogenous  tissues.  In  many 
diseases  there  occur  variations  in  the  quantity  of  common  salt  in 
the  urine  which  can  hardly  be  explained  by  the  change  in  or 
absence  of  food. 

Phosphates. — ^About  60  grains  (3  to  4  grammes)  of  phosphoric 
acid  is  excreted  daily  in  the  urine,  being  combined  with  alkalies 
to  form  salts,  viz.,  potassium,  sodium,  calcium,  and  magnesium 
phosphates. 

Sulphates. — Nearly  40  grains  (2  to  3  grammes)  of  sulphuric 
acid,  as  sulphates  of  alkalies,  are  daily  got  rid  of  in  the  urine. 


• 
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The  acid  comes  partly  from  the  food,  but  chiefly  from  the  oxida- 
tion of  the  sulphur  contained  in  the  proteids  of  the  tissues. 

A  considerable  quantity  oi potassium,  sodium,  calcium,  and  mag- 
nesium, combined  as  already  mentioned,  or  with  chlorine,  is  con- 
tained in  the  urine. 

Small  traces  of  iron  are  also  always  present  in  the  urine. 

Gases. — The  urine  also  contains  free  CO,,  N,  and  some  O.  loo 
volumes  of  gas  pumped  out  of  fresh  urine  have  been  found  to 
consist  of — 


CO,  =  65.40  per  cent. 
N  =31.86 
O  =    a.74 


« 


ABNORMAL  CONSTITUENTS. 

Different  kinds  of  substances  occur  in  urine  under  circum- 
stances of  special  physiological  interest,  and  therefore  may  be 
here  enumerated,  although  their  accurate  study  belongs  rather 
to  pathology.     First  among  these  to  be  named  is — 

Albumin,  which  occurs  from  (i)  any  great  increase  in  the  blood 
pressure  in  the  renal  vessels,  whether  caused  by  increased  inflow 
or  impeded  outflow.  (2)  Excess  of  albumin  in  the  blood,  and, 
strange  to  say,  some  forms  of  albumin  escape  much  more  readily 
than  others.  Thus,  ^gg  albumin,  globulin,  or  peptone,  if  intro- 
duced artificially  into  the  blood,  are  soon  found  in  the  urine. 
(3)  A  watery  condition  of  the  blood,  such  as  would  give  rise  to 
oedema  elsewhere.  (4)  Total  abstinence  from  NaCl  for  some  time. 
(5)  Destruction  of  some  of  the  epithelium  of  the  urinary  tubes. 

Next  in  importance  to  albumin  are  the  following  : — 

Grape  sugar,  of  which  normally  only  the  merest  trace  occurs 
in  the  urine,  although  there  is  always  a  certain  quantity  in  the 
blood.  It  is  present  in  large  quantities  in  (i)  the  disease  known 
as  diabetes,  when  a  great  quantity  of  pale  urine  with  a  very  high 
sj)ecific  gravity  is  passed.  (2)  After  injury  of  a  certain  i>art  of 
the  floor  of  the  4th  ventricle  of  the  brain.  (3)  After  poisoning 
by  curara,  carbonic  oxide,  and  nitrate  of  amyl.  In  short,  any 
disturbance  of  the  circulation  of  the  liver  gives  rise  to  an  increase 
of  sugar  in  the  blood,  and  when  the  amount  reaches  6  per  cent, 
it  appears  in  the  urine. 
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Bile  Acids  and  Pigments  appear  in  the  urine  when,  from  occlu- 
sion of  the  bile  ducts,  they  find  their  way  into  the  blood. 

Leucin  and  Tyrosin  also  occur  in  the  urine,  but  only  after 
interference  with  the  functions  of  the  liver. 

The  urine  undergoes  important  changes  after  being  voided,  the 
explanation  of  which  is  of  much  interest  to  the  practitioner,  and 
must  be  understood  by  the  student  of  medicine.  The  urine  often 
loses  its  transparency  as  soon  as  it  gets  cold,  though  perfectly 
clear  when  passed,  or  when  again  heated  to  the  body  temperature, 
for  the  urates  are  soluble  in  warm  but  almost  insoluble  in  cold 
water.  The  '^muddiness,**  which  soon  settles  down,  as  a  more  or 
less  brightly-colored  sediment,  is  chiefly  caused  by  the  precipita- 
tion of  acid  sodium  urate,  stained  with  a  coloring  matter  derived 
from  the  urochrome.  When  this  occurs  the  urine  will  always  be 
found  to  be  distinctly  acid,  and  if  it  be  left  standing  for  some 
time  in  a  cool  place,  the  acidity  will  be  found  to  increase,  owing 
to  the  presence  of  a  peculiar  fungus  which  sets  up  acid  fermenta- 
tion. This  is  said  to  depend  on  the  formation  of  lactic  and 
acetic  acids,  and  crystals  of  uric  acid,  amorphous  sodium  urate, 
and  crystals  of  lime  oxalate  are  deposited. 

After  a  certain  time  (which  is  shorter  when  the  urine  is  not 
very  acid  and  is  exposed  to  a  warm  atmosphere)  the  develop- 
ment of  bacteria  occurs  in  it,  and  causes  the  urea  to  unite  with 
water  and  to  change  in  the  manner  already  mentioned  (p.  75) 
into  ammonium  carbonate.  This  gradually  neutralizes  the  acid- 
ity, and  finally  renders  the  urine  alkaline.  At  the  same  time  an 
amorphous  precipitate  of  lime  phosphate  appears,  and  crystals 
of  ammonio-magnesium  phosphate  and  of  ammonium  urate  are 

produced. 

URINARY  CALCULI. 

Various  ingredients  of  the  urine,  which  are  difficult  of  solution, 
sometimes  become  massed  together  as  concretions,  particularly 
if  there  exist  any  small  foreign  body  in  the  bladder,  which,  by 
acting  as  a  nucleus,  lays  the  foundation  of  a  stone.  Sometimes 
small  concretions  are  formed  in  the  tubes  or  pelvic  recesses  of  the 
kidney,  and,  when  these  make  their  way  into  the  bladder,  they 
commonly  grow  larger  and  larger.     The  structure  and  composi- 
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tion  of  a  calculus  often  gives  the  history  of  its  own  transit  from 
the  kidney,  and  also  of  various  changes  in  the  metabolism  of  the 
individual,  for  successive  layers  of  different  substances  are  gener- 
ally found  in  a  stone  that  has  attained  any  great  size.  The  chief 
materials  found  in  calculi  are — uric  acid,  ammonium  urate,  cal- 
cium oxalate  and  carbonate,  ammonio-magnesium  phosphate,  etc. 


SOURCE  OF  UREA,  ETC. 

The  question  as  to  whether  the  chief  materials  of  the  urine 
preexist  in  the  blood  and  are  therefore  merely  removed  by  the 
kidney,  or  are  manufactured  by  the  special  powers  of  the  renal 
cells,  has  been  widely  discussed,  and  though  the  great  weight  of 
evidence  is  in  favor  of  the  former  view,  some  of  the  experimental 
results  on  the  subject  are  rather  conflicting. 

The  following  are  the  more  important  points  in  the  argu- 
ment : — 

1.  The  blood  normally  contains  most  of  the  important  sub- 
stances found  in  the  urine ;  so  they  need  not  necessarily  be  made 
in  the  kidney. 

2.  The  blood  in  the  vessel  leading  to  the  kidney — the  renal 
artery — is  said  to  contain  more  urea  than  that  in  the  vessel  lead- 
ing from  it — the  renal  vein — so  that  the  blood  appears  to  lose 
urea  in  passing  through  the  kidney. 

3.  If  the  ureters  be  tied  and  the  elimination  be  thus  prevented, 
urea  accumulates  in  the  blood.  This  can  hardly  be  made  by  the 
kidney,  because — 

4.  If  the  renal  arteries  be  tied  so  that  no  blood  goes  to  the 
kidneys  to  affect  the  elaboration  of  urea  in  those  organs,  then  the 
same  accumulation  results,  showing  that  the  kidneys  are  certainly 
not  the  only  organs  where  urea  is  made. 

5.  Extirpation  of  the  kidneys  also  gives  rise  to  a  great  increase 
of  the  urea  in  the  blood.  The  amount  of  urea  in  the  blood  after 
nephrotomy  is  said  to  increase  steadily  with  the  time  which 
elai)ses  after  the  ojKiration,  and  the  amount  accumulated  corre- 
s])onds  to  the  amount  that  would  normally  have  been  excreted  in 
the  same  time,  had  the  animal  not  been  oi)erated  upon. 
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6.  In  some  diseases  which  interfere  with  or  suppress  the  secre- 
tion of  the  kidneys,  an  accumulation  in  the  blood  of  certain  poi- 
sonous or  injurious,  materials  takes  place,  and  gives  rise  to  the 
gravest  symptoms  called  uraemic  poisoning,  which  closely  coincide 
with  those  observed  in  experimental  annihilation  of  the  renal 
function. 

From  the  foregoing  it  would  appear  to  be  satisfactorily  settled 
that  the  urea,  which  is  by  far  the  most  important  ingredient  of 
the  secretion  of  the  kidney,  is  probably  made  elsewhere  and  not 
in  that  organ,  whose  duty  seems  to  be  chiefly  to  remove  it  from 
the  blood.  This  is  most  probably  also  true  of  all  the  other 
organic  constituents  of  the  urine.  The  question  then  arises, 
where  is  the  urea  formed  ? 

We  naturally  turn  for  an  answer  to  the  most  widespread  and 
most  actively  changing  nitrogenous  tissue,  namely,  muscle.  Here 
we  find  only  a  partial  explanation  of  the  source  of  urea,  for 
neither  does  muscle  contain  much  urea,  nor  does  active  muscular 
work  perceptibly  increase  the  general  urea  elimination.  In  mus- 
cle, however,  a  material  closely  allied  to  and  readily  convertible 
into  urea,  namely,  kreatin,  occurs,  and  it  has  been  suggested  that 
this  substance  is  changed  into  urea  in  the  kidney.  This  cannot 
explain  the  origin  of  all  the  urea,  for,  as  already  remarked,  the 
amount  of  urea  excreted  does  not  correspond  with  the  muscle 
metabolism. 

A  considerable  quantity  of  urea  no  doubt  comes  from  muscle, 
which  tissue  forms  so  large  a  part  of  our  bodies,  but  we  must 
conclude  that  there  are  many  other  sources  of  urea,  because  there 
are  many  other  organs  where  nitrogenous  substances  are  under- 
going chemical  changes  and  gradual  waste. 

The  liver  is  specia:lly  worthy  of  note  as  a  source  of  urea,  since 
it  helps  to  explain  the  striking  relation  between  the  amount  of 
albuminous  food  and  the  quantity  of  urea  eliminated.  There  can 
be  no  doubt  that  most  people  consume  much  more  albuminous 
food  than  is  necessary  for  the  adequate  nutrition  and  preserva- 
tion of  the  nitrogenous  tissues,  and  therefore  must  have  a  surplus 
of  nitrogenous  material.  It  may  be  remembered,  as  was  pointed 
out  in  the  chapter  on  Digestion,  that  in  all  parts  of  the  aliment- 
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ary  tract  there  is  a  limit  to  the  absorption  of  peptones,  and  that 
in  the  small  intestine  when  delay  in  absorption  occurs  the  decom- 
position of  peptones  results,  because  in  prolonged  pancreatic 
digestion  these  peptones  are  changed  into  leucin  (CeHisNOj)  and 
tyrosin  (QHhNO,),  and  as  such  pass  into  the  portal  circulation 
to  be  borne  to  the  liver.  In  the  liver  it  is  highly  probable  that 
these  bodies  are  converted  into  urea,  for,  when  they  are  intro- 
duced into  the  intestinal  tract,  they  are  absorbed  and  an  excess 
of  urea  appears  in  the  urine.  Thus  the  surplus  of  the  proteid 
food,  before  it  really  enters  the  system,  is  broken  up  in  the  intes- 
tine into  bodies  which,  notwithstanding  the  difficulty  of  explain- 
ing the  chemical  process,  may  be  regarded  as  a  step  toward  the 
formation  of  urea.  This  view  is  supported  by  the  facts  that  (i) 
in  disease  of  the  liver  tyrosin  and  leucin  appear  in  the  urine ;  (2) 
if  these  bodies  be  introduced  into  the  general  circulation,  by  the 
jugular  instead  of  the  portal  vein,  they  are  excreted  unchanged 
by  the  kidneys. 

NERVOUS  MECHANISM  OF  THE  URINARY  SECRETION. 

With  regard  to  the  influence  exerted  by  the  nervous  system 
on  the  renal  secretion,  we  have  but  little  satisfactory  information, 
although  there  can  be  no  doubt  that  here,  as  in  other  glands,  the 
process  is  under  the  control  of  the  nerves.  Many  of  the  circum- 
stances which  cause  greater  activity  of  secretion,  such  as  taking 
large  quantities  of  water,  etc.,  have  no  effect  on  the  general  blood 
pressure,  so  that,  if  the  increased  flow  be  brought  about  by  the 
vasomotor  mechanisms,  it  must  be  by  means  of  nervous  chan- 
nels altering  the  blood  flow  in  the  special  arteries  of  the  glands. 
Further,  some  emotional  conditions  exist,  such  as  h)rsteria,  in 
which  an  unaccountably  great  quantity  of  urine  of  very  low 
specific  gravity  is  evacuated. 

With  regard  to  the  effects  of  the  vasomotor  nerves,  we  know 
that  section  of  all  the  nervous  twigs  going  to  the  kidneys  causes 
great  congestion  and  an  immense  increase  in  the  secretion,  which 
commonly  contains  albumin.  This  no  doubt  depends  on  the 
sudden  rise  in  pressure  in  the  glomeruli,  owing  to  the  dilatation 
of  the  arterioles.     If  the  splanchnics,  in  which  the  renal  vaso- 
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motor  nerves  run,  be  cut,  a  great  quantity  of  urfne  is  produced 
from  the  same  cause — vasomotor  paralysis — but,  on  account  of 
the  large  area  of  vessels  injured,  the  general  blood  pressure  falls, 
and  therefore  the  effect  is  not  so  much  marked.  If  the  peripheral 
end  of  the  cut  nerves  be  stimulated,  the  secretion  is  diminished, 
and,  owing  to  spasm  of  the  renal  arterioles  and  fall  of  blood 
pressure  in  the  glomerular  capillaries,  may  be  brought  to  a  stand- 
still. Section  of  the  spinal  cord  at  the  7th  cervical  vertebra 
stops  the  flow,  because  it  so  reduces  the  general  blood  pressure 
that  the  pressure  in  the  renal  vessels  falls  below  that  necessary 
for  the  filtration  of  the  urine. 

The  introduction  of  various  substances  into  the  blood  causes 
a  rriarked  change  in  the  blood  supply  of  the  kidney  and  the 
amount  of  urine  secreted.  These  changes  do  not  correspond 
with  the  changes  in  general  blood  pressure  occurring  during  the 
experiments. 

PASSAGE  OF  THE  URINE  TO  THE  BLADDER. 

The  pressure  exerted  by  the  blood  in  the  glomerular  capilla- 
ries is  quite  sufficient  to  make  the  urine  flow  from  the  pelvis  of 
the  kidneys  into  the  bladder,  because  when  the  ureters  are  tied 
they  become  distended  above  the  ligature  by  the  urine  flowing 
from  the  pelvis,  where  a  pressure  may  be  produced  of  some  forty 
millimetres  of  Hg,  at  which  pressure  the  secretion  stops  and 
becomes  somewhat  changed  in  chemical  composition  (kreatin 
appearing  in  greater  quantity). 

Normally,  however,  the  passage  of  the  urine  along  the  ureters 
is  accomplished  by  the  peristaltic  motion  of  the  ducts,  which  goes 
on  alternately  in  the  two  ureters,  so  that  the  urine  flows  into  the 
bladder  at  diflerent  periods  from  the  right  and  left  kidney. 

The  ureters  have  a  strong  middle  coat  of  encircling  fibres  of 
smooth  muscle,  along  which  a  wave  of  contraction,  lasting  about 
one-third  of  a  second,  passes  rhythmically  in  about  6  to  10 
seconds  from  the  pelvis  of  the  kidney  to  the  bladder. 

Having  reached  the  bladder,  the  urine  cannot  return  into  the 
ureters  on  account  of  the  oblique  way  in  which  these  ducts  pass 
through  the  walls  of  the  bladder.     When  the  pressure  in  the 
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bladder  increases,  the  opening  of  the  ducts  becomes  closed  and 
acts  as  a  kind  of  valve. 

RETENTION  OF  URINE  IN  THE  BLADDER. 

The  urine,  which  is  continuously  secreted  and  rhythmically 
conveyed  to  the  bladder,  is  only  voided  at  convenient  times ; 
therefore  special  arrangements  exist  for  its  retention  and  expul- 
sion. 

The  retention  of  urine  in  the  bladder  up  to  a  certain  point 
depends  on  the  elasticity  of  the  parts  concerned,  the  dense  elastic 
tissues  around  its  outlet  being  able  to  resist  the  elastic  force 
exerted  upon  its  contents  by  the  walls  of  the  bladder  and  the 
viscera.  Thus,  where  no  active  muscular  forces  can  possibly 
come  into  play,  as  in  the  case  of  the  dead  subject,  or  in  complete 
paralysis  following  destruction  of  the  spinal  cord,  a  considerable 
amount  of  urine  is  retained.  But. when  a  certain  pressure  is 
arrived  at  by  the  gradual  accumulation  of  urine  within  the  blad- 
der, the  elasticity  of  the  sphincter  and  the  other  tissues  around 
the  outlet  is  overcome  by  the  elasticity  of  the  bladder  wall,  and 
the  urine  slowly  dribbles  away. 

In  the  normal  condition,  however,  the  urine  is  retained  by  a 
muscular  mechanism  over  which  we  have  acquired  considerable 
voluntary  control. 

This  is  the  sphincter  muscle,  which,  by  contracting,  helps  the 
elastic  power  of  the  tissues  around  the  urethra  and  retains  the 
urine.  The  accumulation  of  urine  after  a  certain  time  gives  the 
sensation  known  as  a  full  bladder,  but  this  feeling  is  not  neces- 
.sarily  accompanied  by  any  irresistible  call  to  make  water,  though 
it  soon  produces  a  desire  in  that  direction.  We  suppose  that  the 
stimulus  given  to  the  afferent  nerves  by  filling  the  bladder 
reflexly  causes  a  constriction  of  the  sphincter  muscle,  so  that,  in 
proportion  as  the  pressure  within  the  bladder  increases,  the 
resistance  to  its  outflow  is  also  augmented.  This  does  not  imply 
any  automatic  action  of  the  sphincter  vesicae,  but  merely  a  con- 
stant reflex  excitation  of  that  muscle,  which  secures  its  contrac- 
tion and  the  retention  of  a  considerable  amount  of  urine  without 
the  intervention  of  voluntary  influences  or  attention.     When 
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the  bladder  becomes  very  full,  the  reflex  mechanism  may  require 
the  assistance  of  the  voluntary  centres  to  augment  this  power 
and  prevent  the  urine  being  evacuated. 

EVACUATION  OF  THE  BLADDER. 

Micturition,  or  the  expulsion  of  the  urine,  does  not  normally 
depend  on  elastic  forces  alone,  as  in  the  case  mentioned  of  para- 
lytic incontinence,  when  the  urine  commences  to  dribble  away  as 
soon  as  a  certain  pressure  is  attained  within  the  bladder,  but  is 
accomplished  by  the  detrusor  urines  vaw^^  which  lies  in  the  wall 
of  the  bladder. 

Under  ordinary  circumstances  there  is  a  relationship  between 
the  expelling  and  retaining  powers  (neither  the  muscle  in  the 
wall  of  the  bladder  nor  voluntary  effort,  however,  coming  into 
action),  in  which  the  retaining  power  of  the  sphincter  is  just 
able  to  resist  the  elastic  pressure.  If  the  urine  be  retained  for  a 
considerable  time,  the  reflex  stimulation  of  the  sphincter  no 
longer  suflfices  to  keep  back  the  fluid,  and  the  voluntary  efibrt 
has  to  be  called  to  the  aid  of  the  reflex  action  of  the  sphincter. 
If  a  drop  of  urine  happen  now  to  make  its  way  into  the  sensitive 
urethra,  matters  are  altered.  Even  voluntary  efibrt  does  not 
suffice  to  keep  back  the  stream,  and  an  irresistible  call  to  empty 
the  bladder  is  made  upon  the  spinal  nerve  mechanisms.  This  is 
accomplished  by  the  contraction  of  the  muscular  coat  of  the 
bladder,  which  is  excited  reflexly  by  the  stimulus  starling  from 
the  mucous  membrane  lining  the  urethra. 

When  the  urine  once  commences  to  flow,  it  continues  until  the 
bladder  is  quite  empty,  the  last  drops  of  urine  being  expelled 
from  the  urethra  by  rhythmical  spasms  of  the  muscles  around 
the  bulbous  portion  of  that  canal.  The  sequence  of  events  will 
then  be — (i)  stimulation  of  the  mucous  membrane  of  the  urethra 
by  a  drop  of  urine  ;  (2)  contraction  of  the  detrusor  urinae  ;  (3) 
relaxation  of  the  sphincter ;  (4)  rhythmical  contraction  of  the 
ejaculator  urinae,  and,  finally,  a  twitch  of  the  levator  ani  and 
neighboring  muscles. 

The  evacuation  of  the  bladder  is,  under  these  circumstances. 
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accomplished  independently  of  the  will,  by  a  reflex  act,  of  which 
we  may  even  be  unconscious. 
Fio.  176.  Thh  reflex  micturition  may  occur  during 

the  sleep,  as  the  result  of  slight  local  ex- 
citations. In  infants  this  is  the  normal  mode 
of  emptying  the  bladder,  and  the  gradual 
education  of  the  centres  controlling  the  re- 
tention mechanisms  is  watched  with  interest 
in  young  children. 

At  an  early  age,  generally,  we  learn  to 
control  the  acts  of  these  centres  by  our  will. 
We    feel    a    desire   to    empty  the    bladder 
before  it  becomes  so  distended  that  the  reflex 
M  contraction  of  the  sphincter  is  insuflficient 

to  retain  the  urine.  But  the  volition  serves 
to  call  into  activity  the  reflex  mechanism 
just  described.  Almost  at  any  time  we  can 
call  forth  the  reflex  act  by  increasing  the 
pres-sure  on  the  bladder  by  voluntary  con- 
traction of  the  abdominal  muscles ;  the 
diaphragm  being  depressed  and  fixed,  the 
R.  Reprswnu     imputsM  musclcs  of  expiration  are  put  into  action 

as  to  press  upon  the  pelvic  viscera.     At 

!™ic"''rmp,5i£^'  r«*""  the  same  time  the  contraction  of  the 
^"^wncKrT-hl^rl  sphincter  muscle  is  probably  checked  by 
'he" I'he  "bUddir  is  dis-  "^^  "''1'  ^"^^  ^^"^  the  power  of  retention  is 
ih"'^bi^'iJby''I*tnr^™  overcome. 

ipliMi"«nire™'«imiuli!  ^''^  moment  the  balance  of  i)ower  is  thus 
thlcktd'  n'ifA''"bd  "  '"^"^''  '1  favor  of  the  expelling  agencies,  a 
b"*'.  ""J^ »me  uri^  drop  of  urine  reaches  the  beginning  of  the 
inio  ihe  neck  of  the  urethra    and    excites    reflexly     the    spinal 

bladder,      whence      im-  j  r 

mJMi  pan  by  3  10  in-  centres,  and  thus  brings  about  the  complete 
ire  and  exciw  the  de-   evacuation  of  the    bladder  without  further 

voluntary  effort. 
The  nervous  mechanism  that  controls  the  act  of  micturition  con- 
stses-sentially  of  ganglionic  centres  which  are  situated  in  the 


Mechaniim   of   Mi 
B. 'Bladder. 
C.  Ccnbcil 


EVACUATION   OF   THE   BLADDER.  415 

lumbar  enlargement  of  the  spinal  cord,  and  of  two  sets  of  nerve 
channels  passing  to  and  from  these  centres.  The  centres  may  be 
said  to  be  composed  of  functionally  distinct  parts — a  retaining 
and  evacuating  part.  The  retaining  centre  causes  the  sphincter 
muscle  to  contract.  The  evacuating  centre  can  excite  the  detru- 
sor to  action.  One  set  of  nerve  channels  (3,  4,  r,  t)  communi- 
cates between  these  centres  and  the  urinary  organs  (b),  and  the 
other  (i,  2)  between  the  cord  centres  and  the  cerebral  hemi- 
spheres (c).  That  which  connects  the  special  lumbar  centres  with 
the  bladder,  contains  efferent  fibres  of  two  kinds^  going  to  the 
antagonistic  muscles,  the  sphincter  vesicae  (t),  and  the  detrusor 
urinae  (4)  respectively,  and  afferent  fibres  of  different  kinds ; 
those  (r)  going  from  the  bladder  to  the  nerve  cells  in  the  cord 
which  stimulate  them  and  cause  the  sphincter  to  remain  tonically 
contracted ;  those  passing  from  the  mucous  membrane  of  the 
urinary  passages  to  the  ganglionic  cells  in  the  cord  have  two 
functions  ;  one  (4)  excites  the  contractions  of  the  detrusor  urinae 
and  the  other  (3)  inhibits  the  tonic  action  of  the  retaining  centre. 

The  action  of  the  ganglionic  cells  that  stimulate  the  sphincter 
muscle  can  to  a  certain  extent  be  either  aided  or  checked  by 
means  of  voluntary  or  other  cerebral  influences,  so  that  two 
kinds  of  fibres — a  stimulating  and  inhibitory  one — must  pass 
from  the  hemispheres  to  the  micturating  centre  in  the  cord. 

Those  cells  which  govern  the  motions  of  the  detrusor  seem  to 
be  least  under  voluntary  control,  and  are  probably  only  stimu- 
lated to  action  by  the  impulses  arising  from  the  urinary  passages, 
and  hence  are  simply  reflex  centres. 

The  effect  of  certain  emotions  on  the  act  of  micturition  seems 
to  show  that  those  ganglion  cells  in  the  cord  which  cause  the 
bladder  to  contract  are  connected  with  the  higher  centres.  Thus, 
extreme  terror  (in  a  dog  at  least)  often  causes  a  forcible  expul- 
sion of  urine,  and  great  anxiety  or  impatience  seems  in  man  often 
to  have  a  checking  influence,  causing  great  delay  in  initiating 
micturition. 
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CHAPTER  XXIII. 
NUTRITION. 

We  can  compare  the  incomings  and  outgoings  of  the  economy, 
and  should  now  be  in  a  position  to  see  what  light  can  be  thrown 
by  this  comparison  upon  the  actual  changes  which  take  place  in 
the  textures  of  the  body. 

We  have  seen  that  the  income  is  made  up  of  substances  be- 
longing to  the  same  groups  of  materials  as  are  found  in  the  body, 
viz.,  albumins,  fats,  carbohydrates,  salts,  and  water,  introduced 
by  the  alimentary  canal,  and  oxygen,  which  is  acquired  by  the 
respiratory  apparatus  ;  while  the  outgoings  consist  of  urea  from 
the  kidneys,  carbonic  acid  from  the  lungs,  certain  excrement 
from  the  intestine  and  other  mucous  passages,  sweat,  sebaceous 
secretion,  epidermal  scales,  from  the  skin  ;  together  with  a  quan- 
tity of  water  from  all  these  ways  of  exit.  The  milk,  ova,  and 
semen  may  be  here  omitted,  being  regarded  as  exceptional 
losses  devoted  to  special  objects. 

In  order  that  the  body  may  be  kept  in  its  normal  condition, 
it  is  necessary  that  the  income  should  at  least  be  equal  to  the 
outgoings  of  all  kinds,  and,  except  where  growth  is  going  ,on 
rapidly,  an  income  equal  to  the  expenditure  ought  not  only  to 
suffice,  but  ought  to  be  the  most  satisfactory  for  the  economy. 

We  know  that  animals  can  live  for  some  considerable  time 
without  food,  in  which  case  a  certain  expenditure  of  material 
derived  from  the  body  itself  is  necessary  to  sustain  life,  and 
therefore  the  outgoings  continue.  We  ought  thus  to  be  able  to 
arrive  in  a  very  simple  manner  at  the  minimal  expenditure  ne- 
cessary for  the  sustentation  of  the  body.  We  shall  find,  however, 
that  (i)  an  income  equal  to  this  minimal  expenditure  (that  of 
starvation)  does  not  at  all  suffice  to  keep  up  the  body  weight, 
and  that  (2)  a  considerable  margin  over  and  above  this  mini- 
mum is  necessary  in  order  to  establish  the  nutritive  equilibrium  ; 
(3)  further,  that  the  proportion  of  material  eliminated  and  stored 
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up  in  the  body  respectively  varies  as  the  income  is  increased ;  (4) 
and  finally,  that  the  quality  of  the  food — /.  e.y  the  proportion  of 
each  group  of  food  stuff  present  in  the  diet — has  an  important 
influence  on  the  quantity  required  to  establish  the  equilibrium, 
and  that  best  suited  to  cause  increase  of  weight  or  to  fatten. 

It  will  be  convenient  to  consider  the  following  different  cases 
in  succession. 

1.  No  income,  except  oxygen,  /.  ^.,  starvation. 

2.  An  income  only  equal  to  the  expenditure  found  during 
starvation. 

3.  Establishment  of  perfect  nutritive  equilibrium. 

4.  Excessive  consumption. 

TISSUE  CHANGES  IN  STARVATION. 

As  is  well  known,  deprivation  of  oxygen — by  cessation  of  the 
respiratory  function — almost  immediately  puts  an  end  to  the 
tissue  changes  necessary  for  life,  so  that  the  oxygen  income  can- 
not be  interfered  with,  or  the  experiment  comes  to  an  end.  It 
has  also  been  found  that  a  small  supply  of  water  to  drink  makes 
the  investigation  of  the  various  tissue  changes  more  reliable,  by 
facilitating  them  and  prolonging  life.  We  therefore  speak  of  a 
total  abstinence  from  solids  as  starvation. 

When  deprived  of  food,  those  tissues  upon  the  activity  of 
which  life  immediately  depends  must  feed  upon  materials  stored 
up  in  some  tissues  of  less  vital  importance  to  the  animal.  The 
first  questions  to  discuss  are  how  much  the  body  loses  daily  in 
weight  during  the  time  that  it  is  thus  feeding  on  itself,  and  how 
far  the  different  individual  tissues  contribute  to  this  lo&s. 

The  general  loss  of  weight  is  directly  estimated  by  weighing 
the  animal,  and  the  loss  of  the  individual  tissues  is  calculated  by 
a  careful  analysis  of  the  various  excreta,  by  which  the  exact 
amount  of  nitrogen,  carbonic  acid,  etc.,  is  ascertained  :  the  nitro- 
gen corresponds  to  the  loss  of  muscle  ;  and  the  carbon  (after 
excluding  that  portion  which  is  the  outcome  of  muscle  change, 
which  may  be  calculated  from  the  nitrogen)  corresponds  to  the 
fats  oxidized. 

Loss  of  Weight, — It  has  been  found  that  a  starving  animal 
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loses  weight  rapidly  at  first,  and  subsequently  more  slowly.  The 
cause  of  this  difference  is  that  the  food  last  eaten  continues  to 
have  influence  during  the  first  three  or  four  days,  and  the  mate- 
rials eliminated  are  proportionately  large  in  quantity.  When  the 
influence  of  the  food  taken  prior  to  starvation  has  ceased,  the 
daily  amount  of  materials  eliminated  is  much  reduced,  and 
remains  nearly  constant,  decreasing  slightly  in  proportion  as  the 
body  weight  diminishes  slowly  until  the  animal's  death. 

Adult  animals  generally  live  until  they  have  lost  about  half  of 
their  normal  body  weight.  Young  animals  die  when  they  have 
lost  about  20  per  cent,  of  their  weight. 

Relative  Loss  in  Various  Tissues. — Roughly  speaking,  we  may 
take  the  body  of  a  man  to  be  made  up  of  the  following  propor- 
tions of  the  more  important  textures  : — 

Muscles, 50  per  cent. 

Skin  and  fat, 25       " 

Viscera, 12       " 

Skeleton, ....  13       " 

Seeing  that  the  muscle  tissue  contributes  such  a  large  propor- 
tion to  the  body  weight,  we  cannot  be  surprised  that  in  starva- 
tion the  greatest  absolute  loss  occurs  in  this  tissue,  except  in  the 
case  of  excessively  fat  animals.  Next  comes  adiix)se  tissue, 
which  almost  entirely  disappears,  so  that  the  relative  ioss  is  here 
greatest,  but  the  absolute  loss  varies  in  proportion  to  the  fatness 
of  the  animal  at  the  beginning  of  the  investigation.  The  spleen 
and  liver  lose  more  than  half  their  weight,  and  the  amount  of 
blood  is  greatly  reduced.  The  small ness  of  the  loss  that  occurs 
in  the  great  nervous  centres  is  very  striking.  They  seem  to  feed 
on  the  other  tissues. 

The  following  table  gives  the  approximate /^rr^/z/tf^^  of  loss 
which  takes  place  in  each  individual  tissue  during  starvation  : — 

Fat, 97.0  per  cent. 

Muscle, 30.2       " 

Liver 56.6       " 

Blood 17.6       " 

Nerve  centres, o  ** 

With  regard  to  the  portals  by  which  the  various  materials  make 
their  escape ^  it  has  been  found  that  practically  all  the  nitrogen 
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passes  off  with  the  urine,  and  about  nine-tenths  of  the  carbon 
escapes  by  the  lungs  as  CO,,  the  remaining  one-tenth  passing  off 
by  the  intestine  and  kidneys.  Three-fourths  of  the  water  is  found 
in  the  urine,  and  one-fourth  goes  off  from  the  skin  and  lungs. 

The  following  table  shows  the  items  of  the  general  loss,  and 
the  amount  per  cent,  which  passes  out  by  the  chief  channels  of 
exit : — 


Water,  . 
Carbon,  . 
Nitrc^en, 
Sails,    .    . 


Total 
Elimination. 


995.34  grm. 
205.96     " 

30.81 

10.03 


(( 


(I 


Via 
Kidneys. 


Lungs 
and  Skin. 


Excrement. 


70.2  per  cent. 
6.4      " 
1 00.0      " 
97.0      " 


26.1  percent. 
92.6       « 


3.7  per  cent. 
1.9       " 


24 


<( 


As  the  loss  of  weight  of  an  animal's  body  during  starvation  is 
at  first  rapid  and  then  more  gradual,  so  also  the  amount  of  mate- 
rial eliminated  is  found  to  diminish  much  more  slowly  after  the 
first  few  days.  This  is  well  seen  from  the  nitrogenous  elimina- 
tion. For  the  first  four  days  the  fall  in  the  amount  of  urea 
excreted  is  very  rapid,  it  then  decreases  slowly  and  almost  con- 
stantly until  the  death  of  the  animal.  The  subsequent  fall  is  in 
proportion  to  the  slow  decrease  in  weight  of  the  animal.  This 
has  led  to  the  conclusion  that  the  nitrogenous  material  eliminated 
during  a  full  diet  comes  partly  from  used-up  nitrogenous  tissues, 
and  partly  from  nitrogenous  materials  which  have  never  really 
entered  into  the  composition  of  the  tissue,  but  are  the  surplus  of 
nitrogenous  food.  Hence,  two  kinds  of  proteid  are  supposed  to 
exist  in  the  body,  viz.,  (i)  that  forming  i>art  of  the  tissues,  and 
(2)  that  circulating  as  a  ready  supply  for  the  nutritive  demands 
of  the  tissues. 
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In  the  second  case  mentioned,  namely,  where  an  amount  of 
food  is  supplied  which  is  just  equal  to  the  expenditure  which  was 
found  to  take  place  during  starvation,  one  might  suppose  that 
the  diet,  though  minimal,  would  yet  suffice  to  preserve  the  nor- 
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mal  body  weight.     Practice,  however,  shows  this  to  be  far  from 
being  the  case. 

An  animal  fed  on  diet  equal  in  quantity  to  the  outgoings  dur- 
ing starvation  continues  to  lose  weight,  and  the  quantity  of  nitro- 
genous substance  eliminated  (urea)  is  in  excess  of  the  low 
standard  found  during  complete  abstinence  from  food.  From 
this  it  would  appear  that  even  when  supplied  with  an  amount  of 
nitrogenous  material  equal  to  that  used  by  the  tissues  during 
starvation,  an  animal  takes  a  further  supply  from  its  own  tex- 
tures, and  eliminates  some  of  the  nitrogenous  nutriment  without 
using  it.  The  body  subsists  on  the  scanty  allowance  of  nutriment 
it  borrows  from  the  tissues  during  starvation  only  so  long  as 
there  is  absolutely  no  food  income.  When  food  is  supplied,  an 
increased  expenditure  is  set  up,  the  income  is  exceeded,  and  a 
deficit  occurs  in  the  nitrogen  balance.  Or,  probably,  some  of  the 
nitrogenous  nutriment  is  rendered  u.seless  by  the  processes  it 
undergoes  in  the  intestine,  even  when  the  quantity  is  not  sufficient 
to  support  the  equilibrium  (compare  pp.  165,  166,  409,  410). 

It  follows,  then,  that  feeding  an  animal  on  an  amount  of  food 
stuffs  exactly  corresponding  to  the  quantity  of  nutriment  ab- 
stracted from  its  own  textures  during  total  abstinence  is  only  a 
slower  form  of  starvation. 

With  regard  to  nitrogenous  substances,  it  has  been  proved  that 
nearly  three  times  as  much  as  the  amount  eliminated  during 
starvation  is  required  to  establish  an  equilibrium  between  the 
income  and  expenditure  of  those  special  substances,  and  that  less 
than  this  leads  to  a  distinct  nitrogenous  deficit. 

NUTRITIVE  EQUILIBRIUM. 

The  third  case  mentioned,  viz.,  that  in  which  the  nutritive 
equilibrium  is  exactly  maintained,  so  that  the  body  weight 
remains  unaltered,  is  the  most  important  one  for  us  to  determine, 
since  its  final  settlement  would  enable  us  to  fix  the  most  bene- 
ficial  standard  of  diet.  Unfortunately,  this  case  is  also  the  most 
difficult  upon  which  to  come  to  a  satisfactory  conclusion,  for  the 
following  reasons : — 

I.  The  elaborate  nature  of  the  conditions  imposed  during  the 
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experiment  makes  it  difficult  to  carry  on  the  investigation  with 
scientific  accuracy. 

2.  Even  when  the  amounts  of  gain  and  loss  exactly  correspond 
we  cannot  say  that  we  have  the  best  dietary  ;  because  some  of  the 
income  may  be  quite  useless,  and  pass  through  the  economy 
without  performing  any  function,  and  yet  appear  in  the  output 
so  as  to  give  an  accurate  balance. 

3.  We  have  just  seen  that  the  relative  amounts  of  outgoings 
and  of  material  laid  by  as  store  are  altered  and  regulated  by  the 
quantity  of  income.  And  we  find  that  the  quality  of  the  income, 
/*.  e.y  the  relative  proportions  of  the  various  food  stuffs,  has  a 
material  influence  on  the  quantities  of  material  laid  by  and 
eliminated  respectively.  We  must,  therefore,  consider  the  efficacy 
of  each  of  the  groups  of  the  food  stuffs  when  employed  alone 
and  mixed  in  different  proportions. 

4.  Different  animals  seem  to  have  different  powers  of  assimi- 
lation ;  and  under  various  circumstances  the  requirements  and 
assimilative  power  of  the  same  animal  may  vary. 

Nitrogenous  Diet^ — ^An  animal  fed  upon  a  purely  meat  diet 
requires  a  great  amount  of  it  to  sustain  its  body  weight.  It  has 
been  found  that  from  ^  to  i^  of  the  body  weight  in  lean  meat 
daily  is  necessary  to  keep  an  animal  alive  without  either  losing  or 
gaining  weight.  If  more  than  this  amount  be  supplied  the 
animal  increases  in  weight,  and  as  its  weight  increases  a  greater 
amount  of  meat  is  required  to  keep  it  up  to  the  new  standard. 
So  that,  to  produce  a  progressive  increase  of  weight  with  a  purely 
meat  diet,  it  is  necessary  to  keep  on  increasing  the  quantity  of 
meat  given.  The  reason  of  this  is  found  in  the  fact  that  albu- 
minous diet  causes  an  increase  in  the  changes  occurring  in  the 
nitrogenous  tissues. 

If  an  animal  which  is  in  extremely  poor  condition  be  given  an 
ad  libitum  supply  of  lean  meat,  only  a  limited  portion  of  the 
albuminous  substance  is  retained  in  the  tissues.  By  far  the  larger 
proportion  of  the  nitrogenous  food  is  given  off  and  is  represented 
in  the  urine  by  urea,  and  a  comparatively  small  proportion  is* 
stored  up.  If  this  large  supply  of  meat  diet  be  continued  for 
some  time,  less  and  less  of  the  albuminous  material  is  stored. 
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more  and  more  being  eliminated  as  urea,  until  finally  the  urea 
excreted  just  corresponds  to  the  albuminous  materials  in  the 
ingesta.  When  only  meat  is  given,  it  must  be  supplied  in  large 
quantities  to  maintain  the  balance  of  nitrogenous  income  and 
expenditure,  which  is  spoken  of  as  nitrogenous  equilibrium. 
Upon  the  occurrence  of  a  change  in  the  amount  of  nitrogenous 
ingesta  this  nitrogenous  equilibrium  varies,  and  it  takes  some 
time  to  become  reestablished,  because  a  decrease  in  the  meat  diet 
is  accompanied  by  a  decrease  in  the  weight  of  the  animal,  and 
an  increase  causes  it  to  put  on  flesh.  For  each  new  body  weight 
there  is  a  new  nitrogenous  equilibrium,  which  is  only  attained 
after  the  disturbed  relation  between  the  nitrogenous  ingesta  and 
excreta  has  been  readjusted. 

The  increase  of  weight  which  follows  a  liberal  meat  diet 
depends  in  a  great  measure  on  fat  being  stored  up  in  the  body. 
Much  more  of  this  material  is  made  than  could  come  from  the 
fat  taken  with  the  meat ;  hence,  we  must  conclude  that  it  is  made 
from  the  albuminous  parts  of  the  meat. 

Non-tiitrogenous  JDiet. — The  effect  of  a  diet  without  any  albu- 
minous food  is  that  the  animal  dies  of  starvation  nearly  as  soon 
as  if  deprived  of  all  forms  of  food,  with  the  exception  that  the 
weight  of  the  body  is  much  less  reduced  at  the  time  of  death. 

Mixed  Diet, — The  addition  of  fat  or  sugar  to  meat  diet  allows 
of  a  considerable  reduction  in  the  supply  of  meat,  both  the  body 
weight  and  nitrogenous  tissue  change  preserving  their  equilibrium 
on  a  smaller  amount  of  food.  It  has  been  estimated  that  the 
nitrogenous  tissue  change  is  reduced  seven  per  cent,  by  the  addi- 
tion of  fat,  and  ten  per  cent,  by  the  addition  of  carbohydrate 
food  to  the  meat  diet ;  therefore  less  meat  is  wanted  to  make  up 
nitrogenous  tissues.  Further,  fats  and  sugars,  which  obviously 
cannot  of  themselves  form  an  adequate  diet,  since  they  contain 
no  nitrogen,  seem  to  have  the  power  of  accomplishing  some  end 
in  the  economy  which,  in  their  absence,  requires  a  considerable 
expenditure  of  nitrogenous  materials  to  bring  about.  Fats  and 
sugars,  then,  supply  to  the  body  readily  oxidizable  materials,  and 
thus  shield  the  albuminous  tissues  from  oxidation,  as  well  as 
reduce  absolutely  the  nitrogenous  metabolism. 
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It  would  further  appear  from  the  experience  gained  from  the 
stall  feeding  of  animals  that  a  good  supply  of  carbohydrates, 
together  with  a  limited  quantity  of  nitrogenous  food,  is  admirably 
adapted  to  produce  fat.  Since  much  more  fat  has  been  found 
to  be  produced  in  pigs  than  could  be  accounted  for  by  the  albu- 
minous and  fatty  constituents  of  their  diet,  we  must  suppose  that 
from  their  carbohydrate  food  fat  can  be  manufactured  in  their 
body. 

Much  of  the  difficulty  found  in  reconciling  the  opinions  of 
different  authors  concerning  the  sources  of  fat  in  the  body  can 
be  removed,  and  some  knowledge  of  the  manufacture  of  fats  from 
the  food  stuffs  can  be  gained  by  bearing  in  mind  the  properties 
of  the  protoplasm.  There  can  be  no  doubt  that  protoplasm,  if 
properly  nourished,  can  manufacture  fat.  As  examples,  we  may 
take  the  cells  of  the  mammary  gland  and  connective  tissue. 
This  fat  production  may  be  regarded  as  a  secretion  of  fat,  though 
only  in  one  of  the  examples  given  does  it  appear  externally  as 
a  definite  secretion — milk.  We  cannot  scrutinize  the  chemical 
methods  by  which  this  change  is  brought  about  in  protoplasm, 
any  more  than  those  which  give  rise  to  the  special  constituents 
of  other  secretions.  We  know  that  protoplasm  uses  as  pabulum, 
albumin,  fat,  and  carbohydrate,  and  we  have  no  reason  to  doubt 
that  the  proportion  of  these  materials  Jbund  to  form  the  most 
nutritious  diet  for  the  body  generally,  is  also  the  proportion  in 
which  protoplasm  can  best  make  use  of  them.  Probably  cells 
which  secrete  a  material  containing  nitrogen,  such  as  mucin- 
yielding  gland  cells,  require  a  greater  proportion  of  albumin. 
Those  cells  which  produce  a  large  quantity  of  non-nitrogenous 
material  may  not  require  more  nitrogen  than  is  necessary  for 
their  perfect  re-integration  as  nitrogenous  bodies.  In  the  manu- 
facture of  their  secretion,  they  only  require  a  pabulum  which 
contains  the  same  chemical  elements  as  are  to  be  found  in  the 
output.  In  the  case  of  fat  formation  a  supply  of  fat  or  carbo- 
hydrate ought  to  suffice  if  accompanied  by  a  small  amount  of 
albuminous  substance.  If  these  non-nitrogenous  substances  be 
withheld,  the  protoplasm  could  no  doubt  obtain  the  quantity  of 
carbon,  hydrogen,  and  oxygen  requisite  to  manufacture  fat  from 
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albumin,  but  this  would  not  be  economical,  for  a  large  amount 
of  nitrogen  would  be  wasted. 

.  Fat  cannot  be  produced  by  the  tissue  cells  without  nitrogen 
in  the  diet,  because  the  fat-manufacturing  protoplasm  cannot 
live  without  nitrogen,  which  is  absolutely  necessary  for  its  own 
assimilative  re-integration.  A  good  supply  of  nitrogenous  food 
aids  in  fattening,  since  it  gives  vigor  to  all  the  protoplasmic 
metabolism,  and  among  them  fat  formation. 

The  albuminoid  substance  ^^/tf//«^,  which  is  an  important  item 
in  the  food  we  ordinarily  make  use  of,  is  able  to  effect  a  saving 
in  the  albuminous  food  stuffs.  Although  it  contains  a  sufficiently 
large  proportion  of  nitrogen,  it  cannot  satisfactorily  replace 
albumin  in  the  food.  Indeed,  in  spite  of  the  great  similarity  in 
its  chemical  composition  to  albuminous  bodies,  it  can  no  better 
replace  the  proteids  in  a  dietary  than  fat  or  carbohydrate ;  and, 
although  an  animal  uses  up  less  of  its  tissue  nitrogen  on  a  diet 
containing  gelatine  and  fat  than  when  it  is  fed  on  fat  alone, 
it  dies  of  starvation  almost  as  soon  as  if  its  diet  contained  no 
nitrogenous  substance. 

EXCESSIVE  CONSUMPTION. 

The  last  case  we  have  to  consider  is  that  in  which  the  supply 
of  food  material  is  in  excess  of  the  requirements  of  the  economy. 
This  is  certainly  the  commonest  case  in  man. 

Much  of  the  surplus  food  never  really  enters  the  system,  but  is 
conveyed  away  with  the  faeces. 

In  speaking  of  pancreatic  digestion,  reference  has  been  made 
to  the  possible  destiny  of  excess  of  nitrogenous  food.  In  the 
intestine,  some  of  it  is  decomposed  into  leucin  and  tyrosin,  which 
are  absorbed  into  the  intestinal  blood  vessels.  In  the  body  these 
substances  undergo  further  changes,  which  probably  take  place 
in  the  liver.  As  a  result  of  the  absorption  of  leucin,  a  larger 
quantity  of  urea  appears  in  the  urine,  and  hence  the  leucin 
formed  in  the  intestine  by  prolonged  pancreatic  digestion  is  an 
important  source  of  urea.  This  view  is  supported  by  the  almost 
immediate  increase  in  the  quantity  of  urea  eliminated  when 
albuminous  food  is  taken  in  large  quantity. 
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From  the  fact  that  a  considerable  amount  of  fat  may  be  stored 
up  by  an  animal  supplied  with  a  liberal  diet  of  lean  meat,  we 
must  conclude  that  part  at  least  of  the  surplus  albumin  goes  to 
form  fat.  It  has  been  suggested  that,  after  sufficient  albumin  has 
been  absorbed  for  the  nutritive  requirements  of  the  nitrogenous 
tissues,  the  rest  is  split  up  into  two  parts,  one  of  which  is  imme- 
diately prepared  for  elimination  as  urea  by  the  liver,  and  the 
other  undergoes  changes,  probably  in  the  same  organ,  which 
result  in  its  being  converted  into  fat. 

It  would  further  seem  probable,  from  the  manner  in  which  the 
urea  excretion  changes  during  starvation,  that,  as  before  men- 
tioned, the  absorbed  albumin  exists  in  the  economy  in  two  forms : 
one  in  which  it  has  been  actually  assimilated  by  the  nitrogenous 
tissues  and  forms  part  of  them,  and  hence  is  called  organ 
albumin ;  the  other,  which  is  merely  in  solution  in  the  fluids 
of  the  body,  being  in  stock,  but  not  yet  ultimately  assimilated, 
and  hence  called  circulating  albumin.  The  latter  passes  away 
during  the  first  few  days  of  starvation,  being  probably  broken 
up  to  form  urea,  and  a  material  which  serves  the  turn  of  non- 
nitrogenous  food.  The  organ  albumin  appears  to  supply  the  urea 
after  the  circulating-albumin  has  completely  disappeared. 

From  the  foregoing  it  will  be  gathered  that  we  cannot  say 
what  are  the  exact  destinies  of  the  various  food  stuffs  in  the 
body.  Proteids  are  not  exclusively  utilized  in  the  re-integration 
of  proteid  tissues,  as  an  excess  gives  rise  to  a  deposit  of  fat. 
Carbohydrates  are  not  employed  simply  to  replace  the  carbohy- 
drates constituting  part  of  the  tissues,  but,  as  will  be  showh  when 
speaking  of  muscle  metabolism,  they  are  intimately  related  to 
the  chemical  changes  which  take  place  during  the  activity  of 
that  tissue.  If  fats  are  chiefly  devoted  to  the  restitution  of  the 
fat  of  the  body,  they  certainly  are  not  the  only  kind  of  food 
from  which  fat  can  be  made. 

We  may  say,  then,  that  all  food  stuffs  are  destined  to  feed  the 
living  protoplasm,  whether  it  be  in  the  form  of  gland  cells,  the 
cells  of  the  connective  tissues,  or  muscle  plasma,  so  that  all  the 
food  stuffs  that  are  really  assimilated  contribute  to  the  main- 
tenance  of    protoplasm    and    subserve    its  various    functions. 

36 
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Besides  nourishing  itself  and  keeping  itself  up  to  a  certain 
standard  composition,  protoplasm,  or  rather  the  various  proto- 
plasmata,  can  make  the  different  chemical  materials  we  find  in 
the  body.  Some  produce  fat,  some  animal  starch  (glycogen), 
and  others  manufacture  the  various  substances  we  find  in  the 
secretions;  while  yet  another  group  is  devoted  to  setting  free 
and  utilizing  the  energy  of  the  various  chemical  associations. 

But  all  the  food  we  eat  is  not  assimilated ;  indeed,  the  destiny 
of  the  numerous  ingredients  of  our  complex  dietaries  is  not  easily 
traced.  Of  food  stuffs  proper,  the  following  classification  may  be 
made,  showing  that  even  the  same  stuff  may  meet  with  a  different 
fate  under  different  circumstances : — 

1 .  Stuffs  which  never  enter  the  economy  (faeces). 

2.  Materials   absorbed   and    arriving    at    the   blood   are   at 

once  carried  to  certain  portals  of  excretion  (excess  of 
salts). 

3.  Substances  which  are  broken  up  in  the  intestine  to  facilitate 

their  elimination  (excess  of  proteid). 

4.  Substances  absorbed  and  carried  along  by  the  fluids,  but 

not  really  united  to  the  tissues  (circulating  albumin). 

5.  Materials  which  after  their  absorption  are  really  assimilated 

by  the  protoplasm  of  the  tissues  (a  certain  amount  of  all 
food  stuffs). 

6.  Substances  which,  after  their  assimilation  by  the  proto- 

plasm, reappear  in  their  original  form  and  are  stored  up 

(fats). 
The  question  of  the  exact  amounts  and  materials  required  to 
form  the  most  economic  and  wholesome  dietary  is  one  of  too  great 
practical  importance  to  receive  adequate  attention  in  this  manual. 
As  a  nile,  men,  like  other  animals,  partake  of  food  largely  in 
excess  of  their  physiological  requirements  when  they  can  get  it. 
This  may  be  seen  by  contrasting  one's  own  daily  food  with  the 
amount  which  has  betn  found  to  be  adequate  in  the  case  of  indi- 
viduals who  have  not  the  opportunity  of  regulating  their  own 
supplies  of  comestibles. 

An  adult  man  should  be  well  nourished  if  he  be  supplied  with 
the  following  daily  diet : — 
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Albuminous  foods, 100  grms.  or    3.5  ozs. 

Fats, 90      "      «*     3.1    " 

Starch, 300      "      "  10.7    " 

Salts 30     ««      "     i.o    ** 

Water, 2000      "      "     3  pints. 

As  a  matter  of  fact,  many  persons  do  thrive  on  a  much  less 
quantity  of  proteid  than  that  given  in  this  table,  but  in  their 
cases  the  fats  and  starches  should  be  proportionately  increased. 

Such  a  dietary  could  be  obtained  from  many  comestibles 
alone,  and  hence  the  taste  of  the  individual  may  be  exercised  in 
selecting  his  food  without  much  departing  from  such  a  standard. 
Individual  taste  commonly  selects  foods  with  too  much  proteid — 
/*.  e.y  an  excess  of  nitrogen — while  the  cheapness  of  vegetable 
products  dictates  their  use  in  greater  abundance  as  food. 

Compare  Chap,  v,  p.  loi,  where  the  quantity  of  the  different 
food  stuffs  in  some  of  our  common  articles  of  diet  is  given. 


428  MANUAL   OF   PHYSIOLOGY. 


CHAPTER  XXIV. 

ANIMAL  HEAT. 

The  bodies  of  most  animals  are  considerably  warmer  than 
their  surroundings.  Part  of  the  energy  set  free  by  the  chemical 
changes  in  the  animal  tissues  appears  as  heat  which  is  devoted  to 
this  purpose.  JVarm-^/oode^f  smimals  are  those  which  habitually 
preserve  an  even  temperature,  independent  of  the  changes  which 
take  place  in  that  of  the  medium  in  which  they  live ;  and,  as  the 
term  warm  blooded  implies,  their  temperature  is,  as  a  rule,  higher 
than  the  surrounding  air  or  water.  Cold-blooded  dimmaXs,  on  the 
other  hand,  are  those  whose  temperature  is  considerably  affected 
by,  or  more  or  less  closely  follows,  that  of  the  medium  surround- 
ing them. 

The  blood  of  all  mammalia  has  pretty  much  the  same  tempera- 
ture as  that  of  man,  about  37.5°  C,  and  probably  varies  under 
similar  circumstances.  But  birds,  the  other  class  of  warm-blooded 
animals,  have  a  temperature  about  4°  or  6°  C.  higher  than  that 
of  mammals. 

The  blood  of  those  animals  whose  temperature  follows  the 
changes  that  occur  around  them  is  generally  from  1°  to  5°  C. 
higher  than  the  medium  in  which  they  live.  They  produce  some 
heat,  though  it  be  small  in  quantity,  and  since  they  have  no  spe- 
cial plan  for  its  regulation,  it  does  not  remain  at  a  fixed  standard. 
In  every  part  where  active  oxidation  takes  place,  heat  is  pro- 
duced ;  so  even  in  invertebrate  animals  an  elevation  of  tempera- 
ture occurs ;  this  can  be  ascertained  where  they  exist  in  masses, 
as  in  bee  hives,  an  active  hive  sometimes  reaching  a  temperature 
of  35°  C. 

Instead  of  the  term  "warm-blooded,*'  it  is  more  accurate  to 
apply  to  animals  whose  temperature  remains  uniformly  even, 
and  indei^endent  of  their  surroundings,  the  term  ^^Homceother- 
mic^^  (of  constant  temperature),  and  to  animals  with  temperatures 
varying  with  their  surroundings  ^^  Poikilothermic"  (of  changing 
temperature),  instead  of  the  words  warm  and  cold  blooded. 
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MEASUREMENT  OF  TEMPERATURE. 

On  account  of  the  slight  amount  of  variation  that  occurs  in 
the  temperature  of  man,  all  the  changes  can  be  measured  with  a 
thermometer  having  a  short  scale  of  some  twenty  degrees,  each 
degree  of  which  occupies  considerable  length  on  the  instrument, 
so  that  very  slight  variations  may  be  easily  appreciated.  Such 
thermometers,  with  an  arrangement  for  self-registering  the  maxi- 
mum height  attained  by  the  column  of  mercury,  are  in  daily  use 
for  clinical  observation,  for  the  temperature  of  the  body  is  now  a 
most  important  aid  to  diagnosis  and  prognosis  in  a  large  class  of 
diseases. 

As  heat  is  constantly  being  lost  at  the  surface  of  the  body,  the 
skin  is  colder  than  the  deeper  parts,  and  in  order  to  avoid  varia- 
tions caused  by  this  surface  loss — which  depends  in  a  measure 
on  the  temperature  of  the  air — special  arrangements  are  neces- 
sary to  prevent  the  thermometer  being  too  much  influenced  by 
it.  The  instrument  may  be  brought  into  close  proximity  to  the 
deeper  parts  by  being  introduced  into  one  of  the  mucous  passages, 
where  it  is  closely  surrounded  by  vascular  tissue.  In  animals, 
the  rectum  is  the  most  convenient  part  for  the  application  of  the* 
thermometer,  but  in  clinical  practice  it  is  usually  placed  under 
the  tongue,  or  in  the  armpit,  the  bulb  being  held  so  that  on  all 
sides  it  is  in  contact  with  the  skin  ^nd  protected  from  the  cool  air. 

The  variations  at  different  parts  of  the  body  are  but  slight, 
and  the  average  normal  surface  temperature  in  man  is  found  to 
be  about  37°  C. 

NORMAL  VARIATIONS  IN  TEMPERATURE. 

I.  The  temperature  of  the  whole  body  normally  undergoes  cer- 
tain variations,  some  of  which  are:  i.  Regular  and  periodical, 
depending  upon  the  time  of  day,  the  ingestion  of  food,  and  the 
age  of  the  individual.  2.  Accidental,  such  as  those  caused  by 
mental  or  bodily  exertion. 

{a)  The  temperature  is  highest  between  4  and  5  p.m.  and  lowest 
between  2  and  4  A.M.,  the  transition  being  gradual.  This  diurnal 
variation,  which  normally  does  not  much  exceed  i*^  C,  is  much 
exaggerated  in  certain  fevers. 
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(d)  The  temperature  rises  after  a  hearty  meal  and  falls  during 
fasting.  During  starvation  the  temperature  sinks  gradually  until 
the  death  of  the  individual. 

(c)  The  temperature  is  highest  at  birth,  and  falls  about  i°  C. 
between  that  and  the  age  of  50  years;  in  extreme  old  age  it  is 
said  that  it  again  rises. 

(//)  Muscular  exertion,  which  gives  the  individual  the  sensa- 
tion of  great  warmth,  only  changes  the  temperature  of  the  blood 
about  .5*^  C.  The  very  high  temperature  which  accompanies  the 
disease  tetanus,  where  all  the  muscles  are  thrown  into  a  state  of 
spasm,  probably  depends  more  on  pathological  changes  than  on 
muscular  action. 

(^)  Mental  exertion  is  also  said  to  cause  a  rise  of  temperature. 

(/)  Slight  differences  in  the  heat  of  the  blood  may  be  brought 
about  by  variations  in  the  surrounding  temperature.  The  abnor- 
mally high  temperature  of  fever  is  much  more  easily  affected  by 
changes  in  the  rate  of  removal  of  the  heat  from  the  body  than  is 
the  normal  temperature,  and  hence  the  therapeutic  value  of  cold 
applications  in  this  class  of  disease. 

II.  The  temperature  of  different  parts  of  the  body  vzxxts,  in  a 
slight  degree,  and  depends  upon  the  following  circumstances : 
I.  The  amount  of  blood  flowing  through  them ;  the  blood  being 
the  greater  carrier  of  warmth  from  one  part  to  another,  supply- 
ing heat  where  it  is  lost,  and  conveying  material  to  those  parts 
where  the  heat  is  generated.  2.  The  amount  of  heat  produced, 
/.  ^.,  the  activity  of  its  tissue  change.  3.  The  amount  of  heat 
lost,  which  depends  on  {a)  the  extent  of  surface ;  (J>)  the 
external  temperature ;  (r)  the  power  of  conduction  of,  and  the 
capacity  for  heat  of,  the  surrounding  medium. 

P>om  this  it  is  obvious  that  the  deeper  parts  of  the  body, 
where  active  chemical  change  takes  place,  and  which  are  pro- 
tected from  exposure,  must  be  warmer  than  the  exterior,  which 
is  constantly  giving  out  its  heat.  The  blood  which  flows  through 
the  surface  vessels  is  cooled,  and  that  which  flows  through  the 
deeper  vascular  viscera  is  warmed.  Thus  the  skin  is  usually 
about  37°  C,  while  the  mouth  beneath  the  tongue  is  about  37.5^ 
C,  and  the  rectum  about  38°  C.     The  temperature  of  the  blood 
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therefore  varies  within  narrow  limits  according  to  the  part  of 
the  body  through  which  it  has  recently  passed.  The  mean  tem- 
p)erature  of  the  blood  is  higher  than  that  of  any  tissue.  The 
blood  in  the  hepatic  capillaries  is  the  warmest  in  the  body. 
This  reaches  40. 73°  in  the  dog,  or  nearly  two  degrees  higher 
than  that  in  the  aorta  of  that  animal.  The  cool  blood  ftom  the 
extremities  and  head  mingling  in  the  right  side  of  the  heart 
with  the  unusually  warm  blood  from  the  liver  keeps  the  blood 
going  to  the  lungs  at  the  standard  temp)erature.  The  blood  in 
the  left  side  of  the  heart  is  a  little  cooler  than  that  in  the  right, 
probably  because  the  latter  lies  on  the  warm  liver,  as  is  proved 
by  the  substitution  of  a  cold  object  for  this  organ,  when  the 
blood  on  the  right  side  becomes  colder  than  the  left.  It  is  not 
because  the  blood  is  cooled  going  through  the  lungs,  for  the 
heat  used  in  warming  the  respired  air  is  given  off  by  the  nose 
and  other  air  passages,  and  not  by  the  alveoli  of  the  lungs. 

III.  The  temperature  of  an  organ  varies  with  the  state  of  its 
activity.  During  the  active  state  the  glands,  etc.,  receive  more 
blood  and  undergo  more  active  chemical  change,  so  that  they 
become  warmer. 

MODE  OF  PRODUCTION  OF  ANIMAL  HEAT. 

It  has  already  been  indicated  that  the  general  effect  of  the 
tissue  change  of  the  body  is  a  kind  of  combustion  in  the  tissues 
of  certain  substances  obtained  from  the  vegetable  kingdom,  viz., 
proteid,  fat,  carbohydrate,  etc.  The  combustible  substances  are 
capable  of  being  burned  in  the  open  air,  or  made  to  unite  with 
oxygen  so  as  to  produce  a  certain  amount  of  heat,  being  thus 
converted  into  COj  and  HjO.  In  the  body  the  oxidation  goes 
on  in  a  gradual  or  modified  way,  and  the  end  products  of  the 
process  can  be  recognized  as  COj  eliminated  from  the  lungs, 
and  as  water  and  urea  got  rid  of  by  the  kidneys.  The  general 
tendency  of  the  chemical  changes  in  the  tissues  is  such  as  will 
set  free  energy  in  the  form  of  heat. 

'^The  amount  of  heat  that  any  substance  is  capable  of  giving 
off  corresponds  to  the  amount  of  energy  required  for  the  forma- 
tion from  CO,  and  H,0,  etc.,  of  the  compounds  contained  in  it. 


432  MANUAL  OF   PHYSIOLOGY. 

and  this  correspondence  remains  whether  the  dissociation  take 
place  rapidly  or  slowly.  The  substances  we  make  use  of  as  food 
have  thus  a  certain  heat  value  which  depends  upon  their  chemi- 
cal composition. 

The  high  temperature  which  homceothermic  animals  can  keep 
up  in  spite  of  the  cold  of  the  atmosphere  in  which  they  live  is 
readily  accounted  for  by  the  chemical  change  which  is  con- 
stantly occurring  in  the  tissue  of  their  bodies. 

The  amount  of  heat  produced  in  any  part  depends  upon  the 
activity  of  its  tissue  change,  for  we  find  that  the  temperature 
varies  with  the  elimination  of  CO^  and  urea,  which  gives  a  fair 
estimate  of  the  normal  chemical  changes  of  the  tissues. 

1 .  The  diurnal  changes  in  temperature  are  accompanied  by  an 
afternoon  increase  and  a  morning  decrease  of  COj  and  urea. 

2.  The  tissue  change  giving  rise  to  CO,  decreases  in  a  fasting 
animal,  as  does  also  the  production  of  heat. 

3.  More  CO2  is  eliminated  after  meals,  when  the  temperature 
also  rises. 

4.  The  activity  of  various  organs,  such  as  the  muscles  and 
glands,  is  associated  with  a  local  increase  of  temperature. 

INCOME  AND  EXPENDITURE  OF  HEAT. 

Income, — The  chemical  changes  which  give  rise  to  heat  cause 
a  certain  waste  of  the  tissues,  which  have  again  to  be  renewed 
by  the  a.ssimilation  of  various  nutrient  materials.  Food  is  thus 
the  fuel  of  the  animal  body,  and  the  peculiarity  of  the  combus- 
tion is  that  the  tissues  assimilate  or  convert  into  their  own  sub- 
stance the  fuel,  and  then  themselves  undergo  a  kind  of  partial 
combustion,  by  means  of  which  they  perform  their  several  func- 
tions, among  others  heat  production. 

As  already  mentioned,  heat  is  produced  most  abundantly  in 
those  tissues  which  undergo  most  active  chemical  changes,  hence 
the  protoplasmic  cells  of  glands,  and  the  contractile  substance 
of  muscle,  must  be  looked  upon  as  the  chief  agents  in  setting 
heat  free. 

The  possible  heat  income  depends  on  the  amount  of  nutrient 
matter  assimilated.     As  each  kind  of  food  has  a  certain  heat 
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value,  /.  e.,  the  number  of  heat  units  its  combustion  will  produce, 
we  ought  to  be  able  to  estimate  the  amount  of  heat  produced 
by  ascertaining  this  value  and  subtracting  the  calorific  value  of 
the  various  excreta,  and  the  energy  used  in  producing  the  mus- 
cular movements  of  the  body.  Since,  practically,  the  temper- 
ature of  the  body  remains  the  same,  the  amount  of  heat  lost 
during  a  given  time  should  correspond  to  the  income  estimated 
from  the  number  of  heat  units  of  the  food.  So  far,  however, 
attempts  to  make  the  calculated  heat  income  correspond  with 
the  expenditure  have  not  been  productive  of  satisfactory  results, 
the  calorific  value  of  the  food  being  hardly  sufficient  to  produce 
the  heat  calculated  to  be  given  off,  and  the  other  work  done  by 
the  body  in  the  form  of  muscular  movement,  etc. 

Since  the  activity  of  muscle  and  gland  tissue  is  constantly 
undergoing  variations  in  intensity,  the  amount  of  chemical 
change  differs  at  different  times,  so  that  the  amount  of  heat  pro- 
duced must  also  vary.  We  know  that  the  heat  set  free  by  any 
organ,  such  as  a  gland  or  a  muscle,  increases  in  proportion  to  the 
increase  of  its  functional  activity,  but  we  cannot  say  that  the 
calorific  activity  can  vary  independently  of  other  circumstances. 
Without  such  a  special  calorific  function  of  some  tissues,  such  as 
muscle,  the  actual  net  heat  income  must  vary  with  circumstances 
which  are  accidental,  and  therefore  irregular. 

Since  we  know  that  the  nervous  system  controls  the  tissue 
activities  which  are  accompanied  by  the  setting  free  of  heat,  we 
can  see  how  the  nerve  centres  can  materially  influence  the  heat 
production  of  the  body.  The  more  active  the  muscles,  glands, 
etc.,  which  are  under  the  control  of  nerves,  the  greater  is  the 
amount  of  heat  produced  in  a  given  time.  That  the  nervous 
system  can  cause  in  any  tissue  a  chemical  change,  giving  rise  to 
a  greater  production  of  heat,  without  any  other  display  of  func- 
tional activity,  we  do  not  know,  but  many  facts  seem  to  point  to 
such  a  possibility. 

The  effect  of  nerve  influence  on  the  production  of  heat  is 
greatly  complicated  by  the  power  exercised  by  the  vasomotor 
nerves  over  the  blood  supply  to  the  great  viscera,  etc.,  for  the 

37 
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temperature  of  any  given  part  is  so  intimately  related  to  the 
amount  of  blood  flowing  through  it  that  the  former  has  been 
accepted  as  an  adequate  measure  of  the  latter. 

For  the  present,  therefore,  we  are  not  in  a  position  to  speak 
with  decision  of  nerves  with  a  purely  thermic  action. 

The  Expenditure  of  the  heat  may  be  classed  under  the  follow- 
ing headings : — 

1.  In  warming  ingesta:  As  a  rule,  the  food  and  drink  we 
use,  as  well  as  the  oxygen  we  breathe,  are  colder  than  the  Ixxiy, 
and  before  they  pass  out  they  are  raised  to  the  body  tem- 
perature. 

2.  Radiation  and  Conduction  :  From  the  surface  of  the  body 
a  quantity  of  heat  is  being  expended  in  warming  the  surround- 
ing medium,  which  is  habitually  colder  than  our  bodies.  The 
colder  the  medium,  the  greater  its  capacity  for  heat,  and  the  more 
quickly  it  comes  in  contact  with  new  portions  of  the  surface,  the 
more  warmth  it  robs  us  of.  Water  or  damp  air  takes  up  much 
more  heat  from  our  surface  than  dry  air  of  the  same  tempera- 
ture, and  the  quantity  of  heat  lost  is  still  further  increased  if 
the  medium  be  in  motion,  so  that  the  relatively  colder  fluid  is 
constantly  renewed. 

3.  Evaporation  :  {a)  From  the  larger  air  passages :  a  quantity 
of  water  passes  into  the  vaporous  state  and  saturates  the  tidal  air, 
and  this  change  of  condition  from  liquid  to  that  of  vapor  absorbs 
much  heat ;  {p)  From  the  skin  :  surface  evaporation  is  always 
going  on,  even  when  no  moisture  is  perceptible  on  the  skin,  and 
much  fluid  of  which  we  are  not  sensible  is  lost  in  this  way.  The 
quantity  of  heat  lost  by  evaporation  from  the  skin  will  depend 
on  the  temperature  and  the  degree  of  moisture  of  the  air  in  pro- 
portion to  that  of  the  surface  of  the  body. 

Balance. — As  has  been  said,  the  exact  income  of  heat  is 
uncertain  and  variable,  because  the  data  upon  which  the  absolute 
amount  can  be  calculated  are  not  scientifically  free  from  error. 
According  to  the  most  careful  estimates,  an  adult  weighing  82 
kilo,  produces  2,700,000  units  of  heat  in  the  twenty-four  hours, 
which  are  expended  in  the  following  way  : — 
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In  warming  ipgesta, 70,157  units  of  heat. 

In  warming  tidal  air, 140,064      **            " 

By  the  evaporation  of  656  grni  of 

water  from  the  air  passages,    .    .  397,536     "            " 

By  surface  loss, 2,092,243     "           " 

From  this  it  appears  that  more  than  three-quarters  of  our 
heat  is  lost  by  the  skin  (77.5  per  cent.)  ;  by  pulmonary  evapora- 
tion, 14.7  per  cent.  ;  in  heating  the  air  breathed,  5.2  per  cent. ; 
in  heating  ingesta,  2.6  per  cent. 

MAINTENANCE  OF  UNIFORM  TEMPERATURE. 

In  order  that  the  vital  processes  of  man  and  the  other  homceo- 
thermic  animals  should  go  on  in  a  normal  manner,  it  is  neces- 
sary that  their  mean  temperature  remain  nearly  the  same,  and 
we  have  seen  that  under  ordinary  circumstances  it  varies  only 
about  one  degree  below  or  above  the  standard  37°  C,  notwith- 
standing the  changes  taking  place  in  the  temperature  around  us. 
Thus  we  can  live  in  any  climate,  however  cold  or  warm,  and  if 
our  body  temperature  remains  unaltered,  we  suffer  no  imme- 
diate injury. 

There  is  a  limit,  however,  to  this  power  of  maintaining  a  uni- 
form standard  temperature.  If  a  mammal  be  kept  for  some 
time  in  a  moist  medium,  where  evaporation  cannot  take  place, 
at  a  temperature  but  little  higher  than  its  body,  say  over  45°  C, 
its  temperature  soon  begins  to  rise,  and  it  dies  with  the  signs  of 
dyspnoea  and  convulsions  (probably  from  the  nervous  centres 
being  affected)  when  its  temperature  arrives  at  43^-45^.  If 
placed  in  water  at  freezing  point  an  animal  loses  its  heat  quickly, 
and  when  its  body  temperature  has  fallen  to  about  20^  C.  it 
dies  in  a  condition  resembling  somnolence,  the  circulation  and 
respiration  gradually  failing. 

Since  a  variation  of  more  than  one  or  two  degrees  in  the  tem- 
perature of  our  bodies  interferes  with  the  vital  activities  of  the 
controlling  tissue  in  the  nervous  centres,  it  is,  of  course,  of  the 
utmost  importance  that  adequate  means  for  the  regulation  of  the 
mean  temperature  of  our  bodies  should  exist. 

The  temperature  of  an  animal's  body  must  depend  on  the 
relations  existing  between  the  amount  of  heat  generated  in  the 
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tissues  and  organs  and  the  amount  allowed  to  escape  at  the  sur- 
face, and  these  must  closely  correspond  in  order  that  the  heat  of 
the  body  may  remain  uniform.  Both  these  factors  are  found  to 
be  very  variable.  Every  increase  in  the  activity  of  the  muscles, 
liver,  etc.,  causes  a  greater  production  of  heat,  while  a  fall  in 
external  temperature  or  increase  in  the  moisture  of  cool  air 
causes  a  greater  escape  of  heat  from  the  surface. 

The  maintenance  of  uniform  temperature  may  be  accom- 
plished by  (i)  variations  in  the  heat  income,  so  arranged  as 
to  make  up  for  the  irregularities  of  expenditure,  or  (2)  varia- 
tions in  the  loss  to  compensate  for  the  differences  of  heat 
generated. 

Since  the  temperature  and  moisture  of  our  surroundings  are 
constantly  varying  between  tolerably  wide  limits,  the  amount  of 
heat  given  off  by  our  bodies  must  also  vary.  In  cold,  damp 
weather  a  great  quantity  of  heat  is  lost  in  comparison  with 
that  which  escapes  from  the  body  when  the  air  is  dry  or  warm. 
If  the  heat  generated  had  to  make  up  for  the  changes  in  the 
heat  lost,  we  should  expect  to  find  a  correspondingly  great  differ- 
ence in  the  amount  of  heat  generated  at  different  times  of  the 
year.  No  doubt  we  have  some  evidence  in  the  keener  appetite 
or  use  of  more  fuel,  and  the  natural  tendency  to  active  muscular 
exertion  during  cold  weather,  to  show  that  a  greater  amount  of 
combustion  takes  place  in  winter  than  in  summer.  Further,  if 
the  preservation  of  a  uniform  body  temperature  depend  solely 
upon  the  variations  in  the  amount  of  income  keeping  pace  with 
the  variation  in  the  expenditure,  we  should  find  it  inconvenient 
to  set  our  muscular  or  glandular  tissues  in  action  except  when 
the  external  temperature  was  such  as  would  enable  us  easily  to 
get  rid  of  the  increased  heat  following  their  activity.  It  no 
doubt  appears  that  the  general  tissue  combustion,  as  measured 
by  the  amount  of  CO2  given  off,  increases  when  we  are  placed 
in  colder  surroundings — such  as  a  cold  bath ;  still,  it  is  probable 
that  the  variations  in  heat  income  have  but  secondary  regulating 
influence  on  the  body  temperature.  If  the  rate  of  income  have 
any  regulating  influence,  we  are  ignorant  of  the  manner  in  which 
such  influence  is  exerted,  for  it  mast  act  more  slowly  and  cannot 
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follow  SO  closely,  as  the  variations  in  expenditure  do,  extrinsic 
changes  of  temperature. 

On  the  other  hand,  we  know  that  the  amount  of  heat  expendi- 
ture may  be  varied  by  mechanisms  which  are  almost  self  regu- 
lating. It  has  already  been  stated  that  the  great  majority  of 
the  heat  is  lost  by  the  parts  in  contact  with  the  air,  namely,  the 
skin  and  air  pa.ssages.  In  these  places  the  warm  blood  is  exposed 
to  the  cool  air,  and  loses  much  of  its  heat  by  radiation,  conduc- 
tion and  evaporation.  It  is  obvious  that  the  greater  the  quantity 
of  blood  thus  exposed  for  cooling,  the  greater  will  be  the  amount 
of  heat  lost  in  a  given  time  by  the  body  as  a  whole. ' 

If  we  review  the  circumstances  which  interfere  with  the  uni- 
formity of  the  temperature  of  the  body,  we  shall  see  that  each 
one  is  accompanied  by  certain  physiological  actions  which  tend 
to  compensate  for  the  disturbing  influences. 

The  chief  common  events  tending  to  make  our  temj^erature 
exceed  or  fall  short  of  its  normal  standard  may  be  enumerated 
as  follows,  and  the  explanation  of  their  modes  of  compensation 
will  at  the  same  time  be  given  : — 

COMPENSATION  FOR  INTERNAL  VARIATIONS. 

A  casual  increase  in  the  heat  income  may  be  induced  by  any 
increa.sed  chemical  activity  in  the  tissues,  notably  the  action  of 
the  muscles  and  large  glands.  When  this  increased  heat  is  com- 
municated to  it,  the  warm  blood,  by  the  help  of  certain  nerve 
centres,  brings  about  the  following  results :  {a)  An  acceleration 
of  respiratory  movement,  increasing  the  amount  of  cold  air  to 
be  warmed  and  saturated  with  moisture  by  the  air  passages,  and 
facilitating  the  escape  of  the  surplus  caloric.  (^)  Relaxation 
of  the  cutaneous  arterioles,  exposing  a  greater  quantity  of  blood 
to  the  cooling  influence  of  the  air.  (r)  Greater  rapidity  of 
the  heart  beat,  supplying  a  greater  quantity  of  blood  to  the 
air  passages  and  to  the  surface  vessels.  (//)  An  increase  in  the 
amount  of  sweat  secreted,  affording  opportunity  for  greater  sur- 
face evaporation. 

As  examples  of  these  points  may  be  mentioned  active  muscular 
exercise,  which  daily  experience  shows  us  is  always  accompanied 
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by  quick  breathing,  rapid  heart's  action,  and  a  moist  skin.  The 
increased  production  of  heat  in  fever  gives  rise  to  the  same  results 
with  the  exception  of  the  secretion  of  the  sweat,  which  want 
(probably  owing  to  the  toxic  inhibition  of  the  special  nerve  mech- 
anisms of  the  glands)  is  an  important  deficiency  in  the  heat-regu- 
lating arrangements,'  and  has  much  to  do  with  the  abnormally 
high  temperature  of  the  disease. 

When  a  lesser  quantity  of  heat  is  produced,  owing  to  inactivity 
of  the  heat-producing  tissues,  the  reverse  takes  place,  namely, 
the  respiration  and  heart's  action  are  slow,  the  skin  is  pale  and 
dry,  so  that  little  heat  can  escape. 

COMPENSATION  FOR  EXTERNAL  VARIATIONS  OF 

TEMPERATURE. 

When  the  temperature  of  the  air  rises  much  above  the  aver- 
age, the  escape  of  heat  is  correspondingly  hindered ;  and  when 
the  general  body  temperature  begins  to  rise  by  this  retention  of 
caloric,  we  have  the  sequence  of  events  detailed  in  the  last  para- 
graph. But  before  the  blood  can  become  warmer  by  the  influ- 
ence of  the  increased  external  temperature,  the  warm  air,  by 
stimulating  the  skin,  brings  about  certain  changes,  independent  of 
the  body  temperature,  which  satisfactorily  check  the  tendency  to 
an  abnormal  rise.  This  can  be  shown  by  the  local  application  of 
external  heat,  by  means  of  which  (a)  a  rush  of  blood  to  the  skin, 
and  {&)  copious  sweat  secretion  may  be  induced  in  a  part.  This 
is  brought  about  by  impulses  sent  directly  from  the  skin  to  the 
centres  regulating  the  vasomotor  and  secretory  mechanisms,  and 
thus  causing  vascular  dilatation  and  secretive  activity.  If  a  part 
only  be  warmed,  a  local  effort  is  made  to  cool  that  part,  and 
this  has  but  little  influence  on  the  general  body  temperature. 

When,  however,  the  atmosphere  becomes  very  warm,  all  the 
cutaneous  vessels  dilate  simultaneously,  and  the  escape  of  heat  is 
greatly  increa.sed  ;  while,  at  the  same  time,  so  much  blood  being 
occupied  in  circulating  through  the  skin,  the  deej^r — heat  pro- 
ducing— ^tissues  are  supplied  with  less  blood,  and  therefore  gener- 
ate a  less  quantity  of  heat.  Thus  a  marked  rise  in  the  external 
temperature,  which  at  first  sight  would  seem  to  impede  the  escape 
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of  heat  from  the  body,  really  facilitates  it,  by  causing,  through 
the  vascular  and  glandular  nerve  mechanisms  of  the  skin,  a 
greater  exposure  of  the  blood  to  the  cooler  air,  and  a  greater 
quantity  of  moisture  to  be  evaporated  from  the  warm  skin. 
When  the  temperature  of  the  air  reaches  that  of  the  body,  the 
only  way  of  disposing  of  the  heat  generated  in  the  body  is  by 
evaporation,  for  radiation  and  conduction  become  impossible. 
In  animals  like  man,  whose  cutaneous  moisture  is  great,  external 
heat  seldom  causes  marked  change  in  the  rate  of  breathing,  but 
in  animals  whose  cutaneous  secretion  is  limited,  external  heat 
distinctly  affects  their  respiratory  movements,  as  may  be  seen  by 
the  panting  of  a  dog  on  a  very  warm  day,  even  when  the  animal 
is  at  rest. 

Almost  more  important  than  facilitating  the  escape  of  heat  in 
very  warm  weather,  are  the  arrangements  for  preventing  its  loss 
when  the  surroundings  are  unusually  cold.  In  this  case,  the  cold, 
acting  as  a  stimulus  to  the  vaso-constrictor  nerve  agencies  of 
the  skin,  causes  the  blood  to  retire  from  surface  and  fill  the 
deeper  organs,  where  more  heat  is  produced.  This  bloodless  skin 
and  the  underlying  fat  then  act  as  a  non-conducting  layer  or 
boundary  protecting  the  warm  blood  from  the  cooling  exposure. 
At  the  same  time  the  secretion  of  the  sweat  is  controlled  by  a 
special  nerve  mechanism,  which  lessens  evaporation  and  soon 
checks  the  secretion,  thereby  enabling  the  body  to  remain  at  the 
normal  standard  temperature. 

It  would  then  appear  that  the  chief  factors  regulating  the  body 
temperature  belong  to  the  expenditure  department,  and  may  be 
said  to  be — (a)  variation  in  the  quantity  of  blood  exposed  to  be 
cooled,  and  (^)  variation  in  the  quantity  of  moisture  produced 
for  evaporation. 

These  regulators  have  to  compensate  not  only  for  differences 
of  external  temperature,  but  also  for  great  fluctuations  in  the 
amount  of  heat  produced  in  the  tissues. 

Tjie  regulating  power  of  the  skin,  etc.,  api)ears  to  be  adequate 
for  the  perfect  maintenance  of  uniform  temi)erature  only  within 
certain  limits.  When  these  limits  are  passed  by  the  rise  or  fall 
in  the  surrounding  medium,  the  preservation  of  a  uniform  tem- 
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perature  soon  becomes  impossible.  These  limits  vary  much  in 
different  animals,  many  of  which  have  special  coverings  protect- 
ing them  from  external  influences,  and  retain  their  warmth  in  a 
temperature  seldom  above  o°  C.  In  man  the  limits  vary  accord- 
ing to  many  circumstances,  ^.  ^.,  both  extremes  of  age  are  more 
sensitive  to  changes  of  temperature.  It  would  appear  that  for 
about  lo®  C.  above  and  below  the  body  temperature  our  skin- 
regulating  mechanisms  are  adequate,  but  beyond  these  limits 
external  changes  affect  our  general  temj^erature,  and  if  continued 
become  injurious.  Of  course,  by  imitating  with  clothing  the 
natural  protection  with  which  some  animals  are  endowed,  we  can 
aid  the  normal  regulating  factors,  and  bear  much  greater  extremes 
of  temperature  with  safety  or  even  comfort. 

It  is  somewhat  surprising  that  our  bodies  are  always  at  the 
same  temperature,  no  matter  how  hot  or  cold  vftfeel.  This  is 
quite  true,  and  our  sensations  of  being  hot  or  cold  are  explained 
as  follows:  When  we  feel  hot  our  cutaneous  vessels  are  fiill  of 
warm  blood,  and  this  communicates  to  the  cutaneous  nerve  ter- 
minals— the  sensory  nerves — the  sensation  of  general  warmth. 
On  the  other  hand,  when  the  cutaneous  vessels  are  empty,  the 
sensory  nerves  are  directly  affected  by  the  cold  of  the  external 
air.  Since  the  full  or  empty  state  of  the  vessels  of  the  skin 
depends  generally  on  the  heat  or  cold  of  the  air,  we  use  the 
expressions  **  it  is  hot  or  cold  "  and  **  we  are  hot  or  cold,"  as 
synonymous,  because  both  ideas  arise  from  the  state  of  the  skin. 
But  we  can  make  ourselves  feel  warm  by  violent  exercise  even 
on  a  frosty  day,  because  we  generate  so  much  heat  by  muscular 
action  that  the  cutaneous  vessels  have  to  be  dilated  in  order  to 
get  rid  of  the  surplus,  and  our  skin  vessels  being  full  we  feel 
warm.  Our  feelings,  when  we  say  we  are  warm  or  cold,  simply 
depend  upon  our  cutaneous  veasels  being  full  or  empty  of  warm 
blood. 

The  local  appreciation  of  differences  of  temperature  will  l>e 
discussed  in  the  chapter  dealing  with  the  sense  of  Touch. 
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CHAPTER  XXV. 

CONTRACTILE  TISSUES. 

In  the  lower  forms  of  organisms  the  motions  executed  by  pro- 
toplasm suffice  for  all  their*  requirements.  Thus  the  amoeba 
manages  to  pass  through  its  lifetime  with  no  other  kind  of  motion 
at  its  disposal  than  the  flowing  circulation  and  the  budding  out 
of  its  soft  protoplasm.  A  vast  number  of  minute  organisms 
depend  wholly  upon  the  protoplasmic  stream  and  the  twitching 
of  cilia  for  their  digestive  and  progressive  movements.  Before 
we  leave  the  class  of  animals  which  never  pass  beyond  the  uni- 
cellular stage,  we  find,  however,  examples  in  which  a  portion  of 
their  protoplasm  is  specially  adapted  to  the  performance  of  sud- 
den and  rapid  motions.  The  protoplasm  so  modified  in  function 
deserves  the  name  of  contractile  material.  Thus,  though  the 
protoplasm  which  lies  within  the  stalk  of  the  bell  animalcule 
is  morphologically  undifferentiated,  it  can  contract  with  such 
rapidity  that  the  eye  cannot  follow  the  motion. 

As  we  ascend  in  the  scale  of  animal  life,  the  necessity  for 
motions  of  various  rapidity  and  duration  at  the  command  of  the 
animal  becomes  more  and  more  urgent,  and  so  we  find  not  only 
one,  but  several  kinds  of  tissue  specially  adapted  for  carrying  out 
motions  of  different  rate  and  duration. 

As  a  general  rule,  the  more  rapid  the  contraction  it  performs 
the  more  the  tissue  differs  from  the  original  type  of  protoplasm ; 
and  the  slower  and  mpre  persistent  the  contraction,  the  more  the 
tissue  elements  resemble  protoplasmic  cells.  Thus,  in  the  minute 
blood  vessels,  as  we  have  seen,  a  very  prolonged  form  of  contrac- 
tion, only  varied  by  partial  relaxations,  is  the  nile,  and  gives  rise 
to  the  tone  of  the  arterioles,  and  the  contractile  elements  differ 
but  little  from  ordinary  protoplasmic  cells.  The  intestinal  move- 
ments are  rapid  compared  with  those  of  the  arterial  muscles,  and 
in  them  we  find  a  thin,  elongated  form  of  muscle  cell.  In  the 
heart  a  forcible  and  quick  contraction  takes  place,  which,  how- 
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Fig.  177. 


ever,  is  slow  when  compared  with  the  sudden  jerk  of  a  single 
spasm  of  a  skeletal  muscle,  and  its  texture  is  different,  being  a 

form  intermediate  between  the  slow-contract- 
ing smooth  muscle  and  the  quick-contracting 
striated  skeletal  muscle. 

By  borrowing  examples  from  the  lower 
animals,  this  parallelism  of  structural  differen- 
tiation and  increase  of  functional  energy  can 
be  more  perfectly  demonstrated,  and  we  can 
make  out  a  gradual  scale  of  increasingly  rapid 
motion  corresponding  with  greater  complexity 
of  structure. 


B 


HISTOLOGY  OF  MUSCLE. 

The  term  muscle  includes  the  textures  in 
which  the  protoplasm  is  specially  differentiated 
for  purposes  of  contraction. 

The  muscle  tissues  of  the  higher  animals 
may  be  divided  into  two  classes:  (i)  non-striated 
or  smooth,  and  (2)  striated,  in  which  again  there 
are  some  slight  variations. 

The  nofi' striated  muscle  tissue  is  that  in  which 
the  elements  are. most  like  contractile  proto- 
plasmic cells,  and  have  so  far  retained  the  typi- 
cal form  as  to  be  easily  recognizable  as  cells 
when  separated  one  from  the  other.  These  cells 
are  more  or  less  elongated,  flattened,  homo- 
geneous elements  with  a  single,  long,  rod-shaped 
nucleus  and  no  cell  wall.  They  are  tightly 
cemented  together  by  a  tough  elastic  substance, 
so  that  their  tapering  extremities  fit  closely 
together  and  form  commonly  a  dense  mass  or 
Muscle  ccUs,  showing  shect.     Sometimes  they  branch  more   or   less 

different  condition  of  «      i  j      *.!_  .,^ j      :•»     „«» 

the  protoplasm  of  the  regularly,    and    then    are    arranged    m    net- 

cell  and  nudev».  ^^^^^y^ 

These  cells  vary  greatly  in  size   as  well  as  in    the   relation 
of  their  length  to   their  width,  in   some  places  deserving   the 
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name  fibres,  or  fibre  cells,  and  in  others  being  only  elongated 
cells. 

The  striated  muscle  tissue  is  that  of  which  the  skeletal  muscles 
and  the  heart  are  composed.  It  therefore  forms  the  larger  pro- 
portion of  the  animal,  known  as  flesh.  The  flesh  can,  by  judi- 
cious dissection,  easily  be  divided  into  single  parts  called  muscles, 
each  of  which  contains  many  other  tissues,  and  is  so  attached  as 
to  carry  on  certain  movements,  and  may,  therefore,  be  regarded 

Such  a  muscle  is  enclosed  in-  a  sheath  of  connective  tissue, 
for  which  sheet-like'  partitions  or  septa  pa.<is  into  the  mass  of 
the  miiscle  and  divide  it  into  bundles  of  fibres,  which  they 
enclose.     These  septa  also  act  as  the 
bed  in  which  the  vessels  and  nerves  riciA 

lie. 

The  tissue  of  the  heart  differs  from 
the  striated  muscle  in  being  made 
up  of  truncated,  oblong  branching 
cells  with  a  central  nucleus  and  no 
sarcolemma  (see  page  262). 

The  bundles  of  fibres  of  skeletal 
muscle  vary  much  in  size,  giving  a 
coarse  or  fine  grain  in  difierent  mus- 
cles ;  they  are  composed  of  a  greater 
or  less  number  of  fibres,  which,  lying 
side  by  side,  run  parallel  one  to  the 
other.  The  single  fibres  of  striated 
muscle  vary  in  length,  sometimes 
reaching  4—5  cm.  (2  inches),  but 
being  on  an  average  much  shorter, 
they  only  extend  the  entire  length  of  a  muscle  in  the  case  of 
very  short  muscles.  In  long  muscles  their  tapering  points  are 
made  to  corres|>ond  with  those  of  other  fibres  to  which  they  are 
firmly  attached.  The  soft  filires  are  pressed  by  juxtajiosition 
into  prismatic  fonns,  so  that  in  a  fresh  condition  they  appear 
polygonal  in  transverse  section.  When  freed  from  all  pressure 
or  traction  they  become  cylindrical,  and  the  transverse  striation 
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of    the   contractile    substa.nce   appears   regular,    and    is    easily 
recognized.    Each  fibre  consists  of  a  deli- 
Fio.  i^,  cate  case  of  thin,  elastic,  Komogeneous 

membrane,  forming  a  sheath  called 
sarcolemma,  within  which  the  essential 
contractile  substance  is  enclosed.  The 
soft  contractile  substance  completely  fills 
and  distends  the  elastic  sarcolemma,  so 
that  when  the  latter  is  broken  its  con- 
tents bulge  out  or  escape.  After  death, 
particularly  if  preserved  in  weak  acid 
(HCl),  the  striation  becomes  more 
marked,  and  the  dead  and  now  rigid 
contractile  substance  can  easily  be 
broken  up  into  transverse  plates  or 
discs. 

Besides  the  transverse  striation,  a  longi- 
tudinal marking  can  be  seen  in  the 
muscle  fibre,  which  indicates  the  sub- 
division of  the  contractile  substance  into 
thin  threads  called  primitive  fibrillfe. 
Kach  primitive  fibril  shows  a  transverse 
marking,  corresponding  with  the  trans- 
verse striation,  which  divides  the  fibrils 
into  short  blocks  called  sarcous,  or  muscle 
elements.  These  markings,  and  the 
transverse  striations  of  the  muscle  fibre 
in  general,  de|)end  on  different  parts  of 
the  contractile  substance  having  different 
powers  of  refraction,  and  giving  the 
K.  appearance  of  dark  and  light  hands. 

Two  fibre)  of  Mruitd  m.iHcie,  In  the  musclc  fibre  are  found  long 
suhiiiuK*  (-.1  hM  betn  nip-  granular  masses  like  protoplasm  ;  these 
ih*  uimienimrirti'aiHj™  are  the  nuclei  of  the  contractile  sub- 
»i ''l-™™.ii='''"<uKu,«';I  stan<;e.  They  nuisl  not  1«  confounded 
markTi-ci  arc  tieireJr'w  "'"th  Ihe  nuclei  of  the  sarcolemma,  which 
;;i£mmlf'(!K^"!)"""    are  much  more  numerous  along  the  edge 
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of  the  fibre,  or  with  the  other  short  nuclei  seen  in  such  numbers 
between  the  fibres,  which  indicate  the  position  of  the  capillary 
vessels. 

It  is  stated  that  each  striated  muscle  fibre  has  a  nerve  fibre 
passing  directly  into  it,  but  the  exact  details  of  the  mode  of 
union  in  mammalia  are  not  yet  satisfactorily  made  out. 

PROPERTIES  OF  MUSCLE  IN  THE  PASSIVE  STATE. 

Consistence, — The  contractile  substance  of  muscle  is  so  soft  as 
to  deserve  rather  the  name  fluid  than  solid ;  it  will  not  drop  as 
a  liquid,  but  its  separate  parts  will  flow  together  again  like 
half-melted  jelly.  In  this  respect  it  resembles  the  protoplasm  of 
some  elementary  organisms,  the  buds  from  which  are  so  soft  that 
they  can  unite  around  foreign  bodies  and  yet  have  sufficient 
consistence  to  distinguish  them  from  fluid. 

Chemical  Composition, — ^The* chemical  constitution  of  the  con- 
tractile substance  of  muscle  in  the  living  state  is  not  accurately 
known.  The  death  of  the  tissue  is  accompanied  by  certain 
changes  of  a  chemical  nature  which  give  rise  to  a  kind  of 
coagulation,  resulting  in  the  formation  of  two  substances,  viz., 
muscle  serum  and  muscle  clot  or  myosin.  This  coagulation  can  be 
postponed  almost  indefinitely  in  the  contractile  substance  of  the 
muscles  of  cold-blooded  animals,  by  keeping  the  muscle  after 
its  removal  at  about  5°  C.  In  this  way  a  pale  yellow,  opales- 
cent, alkaline  juice  may  be  pressed  out  of  the  muscle,  and 
separated  on  a  cold  filter.  This  substance  turns  to  a  jelly  at 
freezing  point,  and  if  brought  to  the  ordinary  temperature  of 
the  room  it  passes  through  the  stages  of  coagulation  seen  in  the 
contractile  substance  of  dead  muscle,  and  gives  the  same  fluid 
serum  and  clot  of  myosin.  Since  a  frog's  muscle  can  be  frozen 
and  thawed  without  the  tissue  being  killed,  it  is  supposed  that 
the  thick  juice  is  really  the  contractile  substance,  which  has 
been  called  muscle  plasma. 

The  coagulation  of  muscle  plasma  reminds  us  in  many  ways 
of  the  clotting  of  the  blood  plasma,  but  the  muscle  clot,  or 
myosin,  is  gelatinous  and  not  in  threads  like  fibrin.  It  is  a 
glohulin,  and  is  soluble  in  10  per  cent,  solution  of  salt.     It  is 
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readily  changed  into  syntonin  or  acid  albumin,  and  forms  the 
preponderant  albuminous  substance  of  muscle. 

The  serum  of  dead  muscle  has  an  acid  reaction,  and  contains 
three  distinct  albuminous  bodies  coagulating  at  different  tem- 
peratures, one  of  which  is  serum-albumin,  and  another  a  derived 
albumin,  potassium-albumin.  The  serum  of  muscle  also  contains  : 
(i)  Kreatin,  kreatinin,  xanthjn,  etc.  (2)  Haemoglobin.  (3) 
Grape  sugar,  muscle  sugar,  of  inosit,  and  glycogen.  (4)  Sar- 
colactic  acid.  (5)  Carbonic  acid.  (6)  Potassium  salts;. and 
(7)  75  PS'  cent,  of  water.  Traces  of  pepsin  and  other  fer- 
ments have  also  been  found. 


Showi  graphically  the  unounl  of  eiuniioD  auKd  by  cqiuJ  weight  in 
Sliowi  grajunlcpUy  the  Binouikl  of  ejiteiuion  caused  by  equal  weight  in 


Chemical  Change. — In  the  state  of  rest  a  certain  amount  of 

chemical  change  constantly  goes  on,  by  which  oxygen  is  taken 
from  the  haemoglobin  of  the  blood  in  the  capillaries,  and  car- 
bonic acid  is  given  up  to  the  blood.  These  changes  seem 
necessary  for  the  nutrition,  and  therefore  the  preservation  of  the 
life  and  active  powers  of  the  tissue,  because  if  a  muscle  after 
removal  be  placed  in  an  atmosphere  free  from  oxygen,  it  more 
quickly  loses  its  chief  vital  character,  viz. ,  its  irritability. 
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Elasticity, — Striated  muscle  is  easily  stretched,  and,  if  the 
extension  be  not  carried  too  far,  recovers  very  con\pletely  its 
original  length.  That  is  to  say,  the  elasticity  of  muscle  is  small 
or  weak,  but  very  ^rfect.  When  a  muscle  is  stretched  to  a 
given  extent  by  a  weight — say  of  i  gramme — if  another  gramme 
be  then  added,  it  will  not  stretch  the  muscle  so  much  as  the  first 
did ;  and  so  on  if  repeated  gramme  weights  be  added  one  after 
the  other,  each  succeeding  gramme  will  cause  less  extension  of 
the  muscle  than  the  previous  one ;  so  that  the  more  a  muscle  is 
stretched  the  more  force  is  required  to  stretch  it  to  the  given 
extent,  or,  in  other  words,  the  elastic  force  of  muscle  increases 
with  its  extension. 

If  a  tracing  be  drawn,  showing  the  extending  effect  of  a  series 
of  equal  weights  attached  to  a  fresh  muscle,  it  will  be  found  that 
a  great  difference  exists  between  it  and  a  similar  record  drawn 
by  inorganic  bodies  or  an  elastic  band  of  rubber. 

When  a  weight  is  applied  to  a  muscle,  it  does  not  immediately 
stretch  to  the  full  extent  the  weight  is  capable  of  effecting,  but  a 
certain  time,  which  varies  with  circumstances,  is  required  for  its 
complete  extension.  The  rate  of  extension  is  at  first  rapid,  then 
slower,  until  it  ceases.  As  a  muscle  loses  its  powers  of  contrac- 
tion from  fatigue,  it  becomes  more  easily  extended.  Dead 
muscle  has  a  greater  but  less  perfect  elasticity  than  living,  /.  ^., 
it  requires  greater  force  to  stretch  it,  but  does  not  return  so 
l^erfectly  to  its  former  shape.  The  importance  of  the  elastic 
property  of  muscle  in  the  movements  of  the  body  is  noteworthy. 
The  muscles  are  always  in  some  degree  on  the  stretch  (as  can  be 
seen  in  a  fractured  patella,  the  fragments  of  which  remain  far 
apart  and  cause  the  surgeon  much  anxiety),  and  brace  the  bones 
together  like  a  series  of  springs,  the  various  skeletal  muscles 
being  so  arranged  as  to  stretch  others  by  their  contraction. 
When  one  muscle — for  example,  the  biceps — contracts,  it  finds 
an  elastic  antagonist  already  tense,  and  has  to  shorten  this 
antagonist  as  it  contracts  itself.  The  triceps  in  this  case  acts  as 
a  weak  spring,  opposing  the  biceps,  and  it  gently  returns  to  its 
natural  length  when  the  contraction  of  the  biceps  ceases.  The 
muscles  are  kept   tense  and  ready  for  action   by  their  mere 
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elasticity,  and  have  to  act  against  a  gentle  spring-like  resistance, 
so  that  the  motions  occur  evenly,  and  there  is  no  jarring  or  jerk- 
ing, as  might  take  place  if  the  attachments  of  the  inactive  muscles 
were  allowed  to  become  slack. 

Electric  Phenomena, — In  a  living  muscle  electric  currents  may 
be  detected,  having  a  definite  direction,  and  certain  relations  to 
the  vitality  of  the  tissue.  As  they  seem  to  be  invariably  present 
in  a  passive  muscle,  they  have  been  called  natural  muscle  currents. 

They  are  generally  studied  in  the  muscles  of  cold-blooded 
animals  after  removal  from  the  body.  The  muscle  is  spoken  of 
as  if  it  were  a  cylinder,  with  longitudinal  and  transverse  sur- 

FiG.  i8i. 


Non-polarizable  Electrodes.  The  glass  tubes  {a  a)  contain  sulphate  of  zinc  solution 
{%.  J.),  into  which  well  amalgamated  zinc  rods  dip.  The  lower  extremity  is  plugged 
with  china  clay  {ck.  c),  which  protrudes  at  (c^)  the  point.  The  tubes  can  be  moved 
in  the  holders  (A  h),  so  as  to  be  brought  accurately  into  contact  with  the  muscle. 
(Fos/er.) 

faces  corresponding  to  its  natural  surface  and  its  cut  extremities. 
In  such  a  block  of  frog's  muscle  the  measurement  of  the  electric 
currents  requires  considerable  care,  because  they  are  so  difficult 
to  detect  that  a  most  sensitive  galvanometer  must  be  used  ;  and 
such  an  instrument  can  easily  be  disturbed  by  currents  due  to 
bringing  metal  electrodes  into  contact  with  the  moist  saline 
tissues.  Specially  constructed  electrodes  must  be  used  to  avoid 
these  currents  of  polarization  taking  place  in  the  terminals 
touching  the  muscle.  These  are  called  non-polarizable  electrodes^ 
and   may  be   made   on    the  following   plan :    Some   innocuous 
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material  moistened  in  saline  solution  (.65  per  cent.)  is  brought 
into  direct  contact  with  the  muscle,  and,  by  means  of  saturated 
solution  of  zinc  sulphate,  into  electrical  connection  with  amalga- 
mated zinc  terminals  from  the  galvanometer.  Thus  the  muscle 
is  not  injured,  and  the  zinc  solution  prevents  the  metal  termi- 
nals from  producing  adventitious  currents. 

Small  glass  tubes  drawn  to  a  point,  the  opening  of  which  is 
plugged  with  china  clay  moistened  with  salt  solution,  make  a 
suitable  receptacle  for  the  zinc  solution.  If  a  pair  of  such 
electrodes  be  applied  to  the  middle  of  the  longitudinal  surface  at 
(^)  (Fig.  182),  and  of  the  transverse  surface  at  (/),  respectively, 
and  then  be  brought  into  connection  with  a  delicate  galvanome- 
ter, it  is  found  that  a  current  passes  through  the  galvanome- 
ter from  the  longitudinal  to  the  transverse  surface.  A  current 
in  this  direction  can  be  detected  in  any  piece  of  muscle,  no 
matter  how  much  it  be  divided  longitudinally,  and  probably 
would  be  found  in  a  single  fibre,  had  we  the  means  of  examining 
it.  The  nearer  to  the  centre  of  the  longitudinal  and  transverse 
sections  the  electrodes  are  placed,  the  stronger  will  be  the  cur- 
rent received  by  them.  If  both  the  electrodes  be  placed  on  the 
longitudinal  section  or  on  the  transverse  surfaces,  a  current  will 
pass  through  the  galvanometer  from  that  electrode  nearer  the 
middle  of  the  longitudinal  section  (called  the  equator  of  the 
muscle  cylinder)  to  the  electrode  nearer  the  centre  of  the  trans- 
verse section  (pole  of  muscle  cylinder).  If  the  electrodes  be 
placed  equidistant  from  the  poles  or  from  the  equator  no  current 
can  be  detected. 

The  central  part  of  the  longitudinal  surface  of  a  piece  of 
muscle  is  then  positive,  compared  with  the  central  part  of  the 
extremities  or  transverse  sections.  And  between  these  parts — 
the  equator  and  poles  of  the  muscle  cylinder,  where  the  differ- 
ence is  most  marked — ^are  various  gradations,  so  that  any  point 
near  the  equator  is  positive  when  compared  with  one  near  the 
poles. 

There  is,  then,  a  current  passing  through  the  substance  of  the 
piece  of  muscle  from  both  the  transverse  sections  or  extremities 
of  the  muscle  block  to  the  middle  of  the  longitudinal  surface, 

38 
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whether  it  be  a  cut  surface  (longitudinal  section)  or  the  natural 
surface  of  the  muscle.  This  is  called  the  muscle  current,  or 
sometimes  natural  muscle  current. 

If  the  cylinder  in  the  accompanying  figure  be  taken  to  repre- 
sent a  block  of  muscle,  e  would  correspond  to  the  equator,  and 
p  to  the  poles,  and  the  arrow  heads  show  the  direction  of  the 
currents  passing  through  the  galvanometer,  the  thickness  of  the 
lines  indicating  their  force.     The  dotted  lines  o  are  connected 


i/l  ^Lr  regie 
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wilh  points  where  the  electro -motive  force  is  e<iuat,  and,  there- 
fore, no  current  exists. 

The  electro -motive  force  of  the  muscle  current  in  a  frog's 
gracilis  has  been  estimated  to  be  about  .05-. 08  of  a  Daniell  cell. 
It  gradually  diminishes  as  the  muscle  loses  its  vital  projierties, 
and  is  also  reduced  by  fatigue.  The  electro -motive  force  rises 
with  the  temi>erature  from  5°  C  until  a  maximum  is  reached  at 
about  the  body  temperature  of  mammals. 

These  muscle  currents  are  very  weak  if  the  uninjured  muscle 
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be  examined  in  situ,  the  tendon  being  used  as  the  transverse 
section  j  they  soon  become  more  marked  after  the  exposure  of 
the  muscle,  and  if  the  tendon  be  injured  they  appear  at  once  in 
almost  full  force.  In  animals  quite  inactive  from  cold  the 
muscles  naturally  are  but  slowly  altered  by  exposure,  etc.,  and 
the  muscle  currents  do  not  appear  for  a  considerable  time,  which 
is  shortened  on  elevating  the  temperature.  It  has,  therefore, 
been  supposed  that  in  the  perfectly  normal  state  of  a  living 
animal  there  are  no  muscle  currents  so  long  as  the  muscle  remains 
in  the  passive  state. 

ACTIVE  STATE  OF  MUSCLE. 

A  muscle  is  capable  of  changing  from  the  passive  elongated 
condition,  the  properties  of  which  have  just  been  described,  into 
a  state  of  contraction  or  activity.  Besides  the  change  in  form, 
obvious  in  the  contracted  state  of  the  muscle,  its  chemical,  elastic, 
electric,  and  thermic  properties  are  altered.  The  capability  of 
passing  into  this  active  condition  is  spoken  of  as  the  irritability 
of  muscle.  This  is  directly  dependent  upon  its  chemical  condi- 
tion, and  therefore  related  to  its  nutrition  and  to  the  amount  of 
activity  recently  exerted,  which,  as  will  hereafter  appear,  changes 
its  chemical  state. 

Under  ordinary  circumstances,  during  life,  the  muscles  change 
from  the  passive  state  into  that  of  contraction  in  response  to  cer- 
tain impulses  communicated  to  them  by  nerves,  which  carry 
impressions  from  the  brain  or  spinal  cord  to  the  skeletal  muscles. 
The  influence  of  the  will  generally  excites  most  skeletal  muscles 
to  action.  Nearly  all  muscular  contraction  depends  on  nervous 
impulses  of  one  kind  or  another.  But  there  are  many  .other 
influences  which,  when  applied  to  a  miiscle,  can  bring  about  the 
same  change.     These  influences  are  called  stimuli. 

We  utilize  the  nerve  belonging  to  a  muscle  in  order  to  throw 
it  into  the  contracted  state,  but  the  great  majority  of  stimuli 
can  bring  about  the  change  when  applied  to  the  muscle  directly. 
Since  the  nerves  branch  in  the  substance  of  the  muscle,  and  are 
distributed  to  the  individual  fibres,  it  might,  as  has  been  argued, 
be  the   stimulation   of   the   terminal  nerve    ramifications   that 
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brings  about  the  contraction,  even  when  the  stimulus  is  applied 
to  the  muscle  directly,  for  the  terminal  branches  of  the  nerves 
are  affected  by  the  stimulus  applied  to  the  muscle. 

That  muscles  can  be  stimulated  without  the  intervention  of 
nerves  is  satisfactorily  proved  by  the  following  facts  : — 

I .  Some  parts  of  muscles,  such  as  the  lower  end  of  the  sarto- 
rius,  and  many  muscular  structures  which  have  no  nerve  ter- 
minals in  them,  respond  energetically  to  all  kinds  of  muscle 
stimuli. 

•  2.  There  are  some  substances  which  act  as  stimuli  when  applied 
directly  to  the  muscle,  but  have  no  such  effect  upon  nerves,  viz., 
ammonia. 

3.  For  some  time  after  the  nerve  has  ceased  to  react,  on 
account  of  its  dying  after  removal  from  the  body,  the  attached 
muscle  will  be  found  quite  irritable  if  directly  stimulated. 

4.  The  arrow  poison,  Curara,  has  the  extraordinary  effect  of 
paralyzing  the  nerve  terminals,  so  that  the  strongest  stimulation 
of  the  nerve  calls  forth  no  muscle  contraction.  If  the  muscles 
in  an  animal  under  the  influence  of  this  poison  be  directly  stimu- 
lated, they  respond  with  a  contraction. 

MUSCLE  STIMULI. 

The  circumstances  which  call  forth  muscle  contraction  may  be 
enumerated  thus : — 

1.  Mechanical  Stimulation. — Any  sudden  blow,  pinch,  etc.,  of 
a  living  muscle  causes  a  momentary  contraction,  which  rapidly 
passes  off  when  the  irritation  is  removed. 

2.  Thermic  Stimulation. — If  a  frog's  muscle  be  warmed  to 
over  30°  C.  it  will  begin  to  contract,  and  before  it  reaches  40  C. 
it  will  pass  into  a  condition  known  as  heat  rigor,  which  will  be 
mentioned  presently.  If  the  temperature  of  a  muscle  be  reduced 
below  o®  C.  it  shortens  before  it  becomes  frozen. 

3.  Chemical  Stimulation. — A  number  of  chemical  compounds 
act  as  stimuli  when  they  are  applied  to  the  transverse  section  of 
a  divided  muscle.  Among  these  may  be  named  :  (i)  the  mineral 
acids  (HCl,  .1  per  cent.)  and  many  organic  acids;  (2)  salts  of 
iron,  zinc,  silver,  copper  and  lead ;  (3)  the  neutral  salts  of  the 
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alkalies  of  a  certain  strength ;  (4)  weak  glycerine  and  weak 
lactic  acid ;  these  substances  only  excite  nerves  when  concen- 
trated ;  (5)  bile  is  also  said  to  stimulate  muscle  in  much  weaker 
solutions  than  it  wilt  nerve  fibres. 

4.  Miectric  Stimulation, — Electricity  is  the  most  convenient 
form  of  stimulation,  because  we  can  accurately  regulate  the 
force  of  the  stimulus.     The  occurrence  of   variation   in  the 
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intensity  of  an  electric  current  (jassing  throiigh  a  muscle  causes 
it  to  contract.  The  sudden  increase  or  decrease  in  the  strength 
of  a  current  acts  a.s  a  stimulus,  but  a  current  of  exactly  even 
intensity  may  jjass  through  a  muscle  without  further  exciting  it, 
after  the  initial  contraction  has  ceased.  A  common  method  of 
producing  such  a  variation  is    that    of  opening  or  closing  an 
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electric  circuit  of  which  the  muscle  forms  a  part,  so  as  to  make 
or  break  the  current  \  and  thus  a  variation  of  intensity  equal  to 
the  entire  strength  of  the  current  takes  place  in  the  muscle,  and 
acts  as  a  stimulus. 

The  direct  current  from  a  battery  {continuous  current)  is  used 
to  stimulate  a  muscle  in  certain  cases,  but  a  current  induced  in 
a  secondary  coil  by  the  entrance  or  cessation  of  a  current  in 
a  primary  coil  of  wire  {induced  current)  is  more  commonly 
employed  on  account  of  the  greater  efficacy  of  its  action.  The 
instrument  used  for  this  purpose  in  physiological  laboratories  is 
Du  Bois-Reymond*s  inductorium,  in  which  the  strength  of  the 
stimulus  can  be  reduced  by  removal  of  the  secondary  coil  from 
the  primary.  It  is  supplied  with  a  magnetic  interrupter,  by  means 
of  which  repeated  stimuli  may  be  given  by  rapidly  making  and 
breaking  the  primary  current  {interrupted  current)  (Fig.  183). 

The  irritability  of  muscle  substance  is  not  so  great  as  that  of 
the  motor  nerves ;  that  is  to  say,  a  less  stimulus  applied  to  the 
nerve  of  a  nerve-muscle  preparation*  will  cause  contraction  than 
if  applied  to  the  muscle  directly.  In  experimenting  on  the  con- 
traction of  muscle,  as  already  stated,  the  nerve  is  commonly 
used  to  convey  the  stimulus,  because,  when  an  electric  current  is 
applied  to  the  nerve,  the  stimulus  is  the  more  safely  and  com- 
pletely distributed  throughout  the  muscle  fibres  than  when  it  is 
applied  directly. 

CHANGES  OCCURRING    IN    MUSCLE   ON    ITS  ENTERING  THE 

ACTIVE  STATE. 

Changes  in  Structure. — The  examination  of  muscle  with  the  * 
microscope  during  its  contraction  is  attended  with  considerable 
difficulty,  and  in  the  higher  animals  has  not  led  to  satisfactory 
results.  In  the  muscles  of  insects,  where  the  differentiation  of 
the  contractile  substance  is  more  marked,  certain  changes  can  be 
observed.  The  fibres,  and  even  the  fibrillae  within  them,  can  easily 
enough  be  seen  to  undergo  changes  in  form  corresponding  to  those 


*  By  a  nerve<muscle  preparation  is  meant  a  muscle  of  a  frog  (commonly  the  gastroc- 
nemius and  the  half  of  the  femur  to  which  it  is  attached)  and  its  nerve,  which  have  been 
carefully  separated  from  other  parts  and  removed  from  the  body. 
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of  the  entire  muscle,  namely,  increase  in  thickness  and  diminution 
in  length.  A  change  in  the  position  and  relative  size  of  the 
singly  and  doubly  refracting  portions  of  the  muscle  element  has 
been  described,  and  some  authors  state  that  the  latter  increases 
at  the  expense  of  the  former  after  an  intermediate  period  in 
which  the  two  substances  seem  fused  together. 

Chemical  Changes. — During  the  contracted  condition,  the 
chemical  changes  which  go  on  in  passive  muscle  are  intensified, 
and  certain  new  chemical  decompositions  arise  of  which  not  much 
is  known. 

Active  muscle  takes  up  more  oxygen  than  muscle  at  rest,  as  is 
shown  by  the  facts  that,  during  active  muscular  exercise,  more 
oxygen  enters  the  body  by  respiration,  and  the  blood  leaving 
active  muscles  is  poorer  in  oxygen  than  when  the  same  muscles 
are  passive.  This  absorption  of  oxygen  may  be  detected  in  a 
muscle  cut  out  of  the  body,  but  a  supply  of  oxygen  is  not  neces- 
sary for  its  contraction,  since  an  excised  frog's  muscle  will  con- 
tract in  an  atmosphere  containing  no  oxygen.  From  this  it 
would  appear  that  a  certain  ready  store  of  oxygen  must  exist 
in  some  chemical  constituent  of  the  muscle  substance.  It  is 
possible  that  some  chemical  compound,  constantly  renewed  by 
the  blood,  is  the  normal  source  of  oxygen,  and  not  the  oxyhaemo- 
globin. 

The  amount  of  CO,  given  off  by  a  muscle  increases  in  its 
state  of  activity.  This  may  be  seen  (a)  by  the  greater  elimina- 
tion from  the  lungs  during  active  muscular  exercise,  and  (/5)  by 
the  fact  that  the  venous  blood  of  a  limb,  when  the  muscles  are 
contracted,  contains  more  CO,  than  when  they  are  relaxed,  (j) 
The  increase  of  CO,  can  also  be  detected  in  a  muscle  removed 
from  the  body  and  kept  in  a  state  of  contraction.  (^)  This 
increase  in  the  formation  of  CO,  takes  place  whether  there  is  a 
supply  of  oxygen  or  not,  (e)  and  the  quantity  of  CO^  given  off 
exceeds  the  quantity  of  oxygen  that  is  used  up.  So  that  it  is 
not  exclusively  from  the  newly-supplied  oxygen  that  the  COj  is 
produced. 

Muscle  tissue,  when  passive,  is  neutral  or  faintly  alkaline; 
during  contraction,  however,  it  becomes  distinctly  acid.     The 
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litmus  which  it  changes  from  blue  to  red  is  permanently  altered, 
and  the  conclusion  follows  that  CO2  is  not  the  only  acid  that 
makes  its  appearance.  The  other  acid  is  sarcolactic  acid,  which 
is  constantly  present  in  muscle  after  prolonged  contraction,  and 
varies  in  amount  in  proportion  to  the  degree  of  activity  the 
muscle  has  undergone.  If  artificial  circulation  be  kept  up  in 
the  muscle,  the  quantity  of  sarcolactic  acid  foi;nd  in  the  blood  is 
very  great.  It  varies  directly  with  the  CO2,  which  would  seem 
to  suggest  a  relationship  between  the  origin  of  the  two  acids. 

The  amount  of  glycogen  and  grape  sugar  is  said  to  diminish 
in  muscle  during  its  activity,  and  it  is  stated  that  sarcolactic 
acid  can  be  produced  from  these  carbohydrates  by  the  action  of 
certain  ferments. 

Active  muscle  contains  more  of  those  substances  than  can  be 
extracted  by  alcohol,  and  less  that  are  soluble  in  water  than 
passive  muscle. 

The  chemical  changes  which  take  place  during  muscle  con- 
traction are  probably  the  resujt  of  a  decomposition  of  some  car- 
bohydrates, in  which  the  albuminous  substances  do  not  take 
any  part  that  requires  their  own  destniction.  This  seems  sup- 
ported by  the  fact  that  the  increased  gas  exchange  in  muscle 
during  active  exercise  can  be  recognized  in  a  corresponding 
alteration  in  the  gas  exchange  in  pulmonary  respiration ;  and 
there  seems  no  relation  between  muscular  labor  and  the  amount 
of  nitrogenous  waste,  as  estimated  by  the  urea  elimination, 
which  we  should  expect  if  muscular  activities  were  the  outcome 
of  a  decomposition  of  nitrogenous  (albuminous)  parts  of  the 
muscle  substance. 

The  chemical  changes,  then,  said  to  take  place  in  niuscle 
during  its  contraction  are  : — 

1.  The  contractile  substance,  which  is  normally  neutral  or 
faintly  alkaline,  becomes  acid  in  reaction,  owing  to  the  formation 
of  sarcolactic  acid. 

2.  More  oxygen  is  taken  up  from  the  blood  than  when  the 
muscle  is  at  rest.  This  using  up  of  oxygen  occurs  also  in  the 
isolated  muscle,  and  its  amount  appears  to  be  independent  of  the 
blood  supply. 
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3.  The  extractives  soluble  in  water  decrease ;  those  soluble  in 
alcohol  increase. 

4.  A  greater  amount  of  CO,  is  given  off,  both  in  the  isolated 
muscle  and  in  the  muscles  in  the  body,  and  the  change  in  the 
quantity  of  COj  has  no  exact  relation  to  that  of  the  oxygen 
used. 

5.  A  diminution  is  said  to  occur  in  the  contained  glycogen, 
and  certainly  prolonged  inactivity  causes  an  increase  in  the 
amount  of  glycogen. 

6.  A  peculiar  muscle  sugar  makes  its  appearance. 

I.  Change  in  Elasticity, — The  elasticity  of  a  muscle  during  its 
state  of  contraction  is  less  than  in  the  passive  state.  That  is  to 
say,  a  given  weight  will  extend  the  same  muscle  more  if  attached 
to  it  while  contracted  (as  in  tetanus)  than  when  it  is  relaxed. 
The  contracted  muscle  is  then  more  extensible.  If  a  weight 
which  is  just  over  the  maximum  load  the  muscle  can  lift  be  hung 
from  it  and  the  muscle  stimulated,  it  should  become  extended, 
because  the  change  to  the  active  state  lessens  its  elastic  power, 
while  it  cannot  contract,  being  over-weighted. 

II.  Electrical  Changes. — If  a  muscle,  in  connection  with  a 
galvanometer,  so  as  to  show  the  natural  current,  be  stimulated 
by  means  of  the  nerves,  a  marked  change  occurs  in  the  current. 
The  galvanometric  needle  swings  toward  zero,  showing  that  the 
current  is  weakened  or  destroyed.  This  is  called  the  negative 
variation  of  the  muscle  current,  which  initiates  the  change  to  the 
active  condition.  When  the  muscle  receives  but  a  momentary 
stimulus  sufficient  to  give  a  single  contraction,  this  negative 
variation  takes  place  in  the  current,  but,  owing  to  its  extremely 
short  duration,  the  galvanometric  needle  is  prevented  by  its 
inertia  from  following  the  change.  Only  the  most  sensitive  and 
well-regulated  instruments  show  the  electric  change  of  a  single 
contraction,  but  when  the  muscle  is  kept  contracted  by  a  series 
of  rapidly  repeated  stimulations  the  inertia  of  the  needle  is 
readily  overcome. 

Rheoscopic  Frog. — The  negative  variation  of  a  single  contrac- 
tion can  be  easily  shown  on  the  sensitive  animal  tissues.  For 
this  purpose  the  sciatic  nerve  of  a  frog's  leg  is  placed  upon  the 

39 
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surface  of  the  gastrocnemius  of  another  leg,  so  as  to  pass  over 
the  middle  and  the  extremity  of  the  muscle.  When  the  second 
(stimulating)  muscle  is  made  to  contract,  its  negative  variation 
acts  as  a  stimulus  to  the  nerve  lying  on  it,  and  so  the  first 
(stimulated)  muscle  contracts.  Not  only  does  this  show  the 
negative  variation  of  a  single  contraction,  but  it  also  demon- 
strates that  the  continued  (tetanic)  contraction,  produced  by 
interrupted  electric  stimulation,  is  associated  with  repeated  nega- 
tive variations.  We  shall  see  that  the  continued  contraction  is 
brought  about  by  a  rapidly  repeated  series  of  stimulations,  so 
that  the  electric  condition  of  the  stimulating  muscle  undergoes 

Fig.  184. 


B 


Diagram  illustrating  the  arrangement  in  the  Rheoscopic  Frog. 

A^  stimulatiM£  limb.  H-^ stimulated  limb.  The  current  from  the  electrodes  passes 
into  nerve  (N)  of  stimulating  limb  (A)^  causing  its  gastrocnemius  to  contract.  Where- 
upon the  negative  variation  of  the  natural  current  between  -f  and  ^stimulates  the 
nerve  (NOi  ^"<^  excites  the  muscles  of  B  to  action. 

a  series  of  variations.  The  contraction  of  the  stimulated  muscle, 
whose  nerve  lies  on  the  stimulating  muscle,  responds  to  the 
electric  variations  of  the  stimulator,  and  contracts  synchronously 
with  it. 

If  an  isolated  part  of  a  muscle  be  stimulated,  the  contraction 
passes  from  that  point  as  a  wave  to  the  remainder  of  the  muscle. 
This  contraction  wave  is  preceded  by  a  wave  of  negative  varia- 
tion which  pas.ses  along  the  muscle  at  the  rate  of  three  metres  per 
second  (the  same  rate  as  the  contraction  wave),  lasting  at  any 
one  point  .003  of  a  second,  so  that  the  negative  variation  is  over 


MUSCLE   CONTRACTION.  459 

before  the  contraction  begins,  for  the  muscle  requires  a  certain 
time,  called  the  latent  period,  before  it  commences  to  contract. 

The  origin  of  the  electric  currents  of  muscle  will  be  discussed 
with  nerve  currents,  to  which  the  reader  is  referred. 

III.  Temperature  Change, — I>ong  since  it  was  observed  in  the 
human  subject  that  the  temperature  of  muscles  rose  during  their  ac- 
tivity. In  frog's  muscle  a  contraction  lasting  three  minutes  caused 
an  elevation  of  .18°  C.  A  single  contraction  is  said  to  produce 
a  rise  varying  from  .001°  to  .005®  C,  according  to  circumstances. 

The  production  of  heat  is  in  proportion  to  the  tension  of  the 
muscle.  When  the  muscles  are  prevented  from  shortening,  a 
greater  amount  of  heat  is  said  to  be  produced. 

The  amount  of  heat  has  also  a  definite  relation  to  the  work 
performed.  Up  to  a  certain  point  the  greater  the  load  a  muscle 
has  to  move,  the  greater  the  heat  produced ;  when  this  maximum 
is  reached  any  further  increase  of  the  weight  causes  a  falling  off 
in  the  heat  production.  Repeated  single  contractions  are  said  to 
produce  more  heat  than  tetanus  kept  up  for  a  correspoYiding 
time. 

The  fatigue  which  follows  prolonged  activity  is  accompanied 
by  a  diminution  in  the  production  of  heat. 

IV.  Change  in  Form. — The  most  obvious  change  a  muscle 
undergoes  in  passing  into  the  active  state  is  its  alteration  in  shape. 
It  becomes  shorter  and  thicker.  The  actual  amount  of  shorten- 
ing varies  according  to  circumstances,  {a)  A  muscle  on  the 
stretch  when  stimulated  will  shorten  more  in  proportion  than  one 
whose  elasticity  is  not  called  into  play  before  contraction,  so  that 
a  slightly  weighted  muscle  shortens  more  than  an  unweighted  one 
with  the  same  stimulus.  (J>)  The  fresher  and  more  irritable  a 
muscle  is,  the  shorter  it  will  become  in  response  to  a  given 
stimulus ;  and,  conversely,  a  muscle  which  has  been  some  time 
removed  from  the  body,  or  is  fatigued  by  prolonged  activity,  will 
contract  proportionately  less.  (<■)  Within  a  certain  limit,  the 
stronger  the  stimulus  applied  the  shorter  a  muscle  will  become. 
(//)  A  warm  temperature  augments  the  amount  of  shortening, 
the  amount  of  contraction  of  frogs'  muscles  increasing  up  to 
33°  C.     A  perfectly  active  frog's  muscle  shortens  to  about  half 
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its  normal  length.  If  much  stretched  and  stimulated  with  a 
strong  current  it  may  contract  nearly  to  one-fourth  of  its  length 
when  extended.  Muscles  are  seldom  made  up  of  perfectly 
parallel  fibres,  the  direction  and  arrangement  varying  much  in 
different  muscles.  The  more  parallel  to  the  long  axis  of  the 
muscle  the  fibres  run,  the  more  will  the  given  muscle  be  able  to 
shorten  in  proportion  to  its  length. 

The  thickness  of  a  muscle  increases  in  proportion  to  its  short- 
ening during  contraction,  so  that  there  is  but  little  change  in 
bulk.  It  is  said,  however,  to  diminish  slightly  in  volume,  becom- 
ing less  than  -nnny  smaller.  This  can  be  shown  by  making 
a  muscle  contract  in  a  bottle  filled  with  weak  salt  solution  so  as 
to  exclude  all  air,  and  to  communicate  with  the  atmosphere  only 
by  a  capillary  tube  into  which  the  salt  solution  rises.  The 
slightest  decrease  in  bulk  is  shown  by  the  fall  of  the  thin  column 
of  fluid  in  the  tube. 

Since  a  muscle  loses  in  elastic  force  and  gains  but  little  in 
density  during  contraction,  the  hardness  which  is  communicated 
to  the  touch  depends  on  the  difference  of  tension  of  the  semi- 
fluid contractile  substance  within  the  muscle  sheath. 

THE  GRAPHIC  METHOD  OF  RECORDING  MUSCLE  CON- 
TRACTION. 

In  order  to  study  the  details  of  the  contraction  of  muscle,  the 
graphic  method  of  recording  the  motion  is  applied.  The  curve 
may  be  drawn  on  an  ordinary  cylinder  moving  sufficiently 
rapidly.  Where  accurate  time  measurements  are  required,  it  is 
better  to  use  one  of  the  many  special  forms  of  instruments, 
called  myographs^  made  for  the  putpose.  The  principle  of  all 
these  instruments  is  the  same ;  namely,  an  electric  current,  which 
I)asses  through  the  nerve  of  a  frog's  muscle  connected  with  the 
marking  lever,  is  broken  by  some  mechanism,  while  the  surface 
is  in  motion  ;  the  exact  moment  of  breaking  the  contact  can  be 
accurately  marked  on  the  recording  surface,  by  the  lever  which 
draws  the  muscle  curve,  before  the  instrument  is  set  in  motion. 
The  rate  of  motion  is  registered  by  a  tracing  drawn  by  a  tuning 
fork  of  known  rate  of  vibration. 
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In  order  that  the  muscle-nerve  preparation  may  not  be  injured 
by  the  tissues  becoming  too  dry,  it  is  placed  in  a  small  glass  box, 
the  air  of  which  is  kept  moist  by  a  damp  sponge.  This  moist 
chamber  is  used  when  any  living  tissue  is  to  be  protected  fr6m 
drying. 

The  first  myograph  used  was  a  complicated  instrument  devised 
by'Helmholtz ;  in  which  a  small  glass  cylinder  is  made  to  rotate 
rapidly  by  a  heavy  weight,  and  when  a  certain  velocity  of  rotation 
is  attained,  a  tooth  is  thrown  out  by  centrifugal  force,  which 
breaks  the  circuit  of  the  current  passing  through  the  nerve  of  the 
muscle.  The  tendon  is  attached  to  a  balanced  lever,  at  one  end 
of  which  hangs  a  rigid  style  pressed  by  its  own  weight  against 
the  glass  cylinder.  When  the  circuit  is  broken  the  muscle  con- 
tracts, raises  the  lever,  and  makes  the  style  draw  on  the  smoked- 
glass  cylinder. 

Fick  introduced  a  flat  recording  surface  moving  by  the  swing 
of  a  pendulum,  by  which  the  abscissa  is  made  a  segment  of  a  circle, 
and  not  a  straight  line,  and  the  rate  varies,  so  that  the  different 
parts  of  the  curve  have  varying  time  values.  The  curves  given 
in  the  following  woodcuts  are  drawn  with  the  Pendulum  Myograph, 

Du  Bois-Reymond  draws  muscle  curves  on  the  smoked  surface 
of  a  small  glass  plate  contained  in  a  frame,  which  is  shot  by  the 
force  of  a  spiral  spring  along  tense  wires,  and  on  its  way  breaks 
the  contact.  The  trigger  used  for  releasing  the  spring  sets  a 
tuning  fork  at  the  same  time  vibrating  (Spring  Myograph'). 

SINGLE  CONTRACTION. 

In  response  to  an  instantaneous  stimulus,  such  as  occurs  in  the 
secondary  coil  on  breaking  the  primary  current,  a  muscle  gives 
a  momentary  twitch  or  spasm,  commonly  spoken  of  as  a  single 
contraction,  which  is  of  so  short  duration,  that  without  the  graphic 
method  of  recording  the  motion  we  could  not  appreciate  the 
phases  which  are  seen  in  the  curve. 

The  curve  drawn  on  the  recording  surface  of  a  pendulum 
myograph,  by  such  a  single  contraction,  is  represented  in  Fig. 
185.  The  short  vertical  stroke  on  the  abscissa,  or  base  line,  is 
drawn  by  touching  the  lever  when  the  muscle  is  in  the  uncon- 
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traded  state,  and  indicates  the  time  of  stimulation.  The  upper 
curved  line  is  drawn  by  the  lever  during  the  contraction  of  the 
muscle. 

In  such  a  curve  the  following  stages  are  to  be  distinguished  :— 

1.  A  short  period  between  the  moment  of  stimulation  and  that 
at  which  the  lever  begins  to  rise,  during  which  the  muscle  does 
not  move.  This  is  known  as  the  latent  period.  In  the  skeletal 
muscles  of  the  frog  this  period  lasts  nearly  .01  sec. 

2.  A  period  during  which  the  lever  rises,  at  first  slowly,  then 
more  quickly,  then  again  slowly,  until  it  cea.ses  to  rise.  This 
stage  has  been  called  the  period  of  rising  energy.  It  lasts  about 
.04  sec. 

3.  When  the  highest  point  is  attained  the  lever  commences 
to  fall,  at  first  slowly,  then  more  quickly,  and  at  last  slowly. 

Fic.  1B5. 


Curve  draivn  bynrnig'i  giiirDcnciniiH  on  the  Pendulum  Myograph:  hctow  ii  leea  Ihc 

ahtcism.    I'hc  link  verlical  niHtk  H  >Ue  ten  nhnwi  Ihe  momcni  of  xiniiilalinn.  am]  ihc 
di-iance  ricrni  l\t«.  id  the  beginning  o(  the  riieaf  Ihe  curve  givci  llic  lalCDt  period,  which 


There  is  then  no  pause  at  the  height  of  contraction.  The  stage 
of  relaxing  has  been  called  the  j)eriod  of  failing  energy.  It 
occupies,  when  (|uite  fresh,  about  the  same  time  a.s  the  second 
jieriod,  viz.,  about  .04  sec. 

Thus,  a  stimulus  occujiying  an  almost  immeasurably  short 
time  sets  up  a  change  in  the  molecular  condition,  which,  taking 
nearly  -^  sec.  to  run  its  course,  and  reijuiring  ^Jj  sec.  before  it 
exhibits  any  change  of  form,  then  in  y^u  sec.  attains  the  maxi- 
mum height  of  contraction,  and,  without  waiting  in  the  con- 
tracted condition,  spends  y^  sec,  in  relaxing. 

The  latent  period  which  appears  in  a  single  contraction  cun'e 
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drawn  by  a  muscle  stimulated  in  the  usual  way,  through  the 
medium  of  a  nerve,  is  not  entirely  occupied  by  preparatory 
changes  going  on  in  the  substance  of  the  muscle,  but  a  certain 
part  of  the  time  recorded  as  latent  period  corresponds  to  the 
time  required  for  the  transmission  of  the  impulse  along  the 
nerve.  This  may  be  shown  by  stimulating  first  the  far  end  of  the 
nerve,  and  then  the  muscle  itself.  In  this  case  two  curves  will 
be  drawn,  having  different  latent  periods,  that  obtained  by  direct 
stimulation  of  the  muscle  being  shorter,  and  representing  the 
real  latent  period,  while  the  longer  one  includes  the  time  taken 
by  the  impulse  to  travel  along  the  piece  of  nerve  between  the 
electrodes  and  the  muscle. 

Wave  of  Contraction. — If  one  extremity  of  the  muscle  be 
stimulated  without  the  aid  of  the  nerve  (it  is  best  to  employ  a 
muscle  from  a  curarized  animal),  the  contraction  passes  along 
the  muscle  from  the  point  of  stimulation  in  a  wave  which  travels 
at  a  definite  rate  of  3-4  metres  per  sec.  in  a  frog,  and  4-5 
metres  per  sec.  in  a  mammal.  Reduction  of  temperature  and 
fading  of  vital  activity  cause  the  velocity  of  the  wave  to  be 
lessened,  until  finally  the  tissue  ceases  to  conduct ;  then  only  a 
local  contraction  occurs,  severe  stimulus  causing  simply  an  eleva- 
tion at  the  point  of  contact.  This  seems  analogous  to  the  idio- 
muscular  contraction,  which  marks  the  seat  of  severe  mechanical 
stimulation  after  the  general  contraction  has  ended. 

VARIATIONS  IN  THE  PHASES  OF  A  SINGLE  CONTRACTION. 

The  latent  period  \zx\^  much  in  different  kinds  of  muscle,  in 
the  same  kind  of  muscle  of  different  animals,  and  in  the  same 
individual  muscle  under  different  conditions.  As  a  rule,  the 
slow-contracting  muscles  have  a  longer  latent  period.  Thus  the 
non-striated  slow-contracting  muscles  found  in  the  hollow  viscera 
have  a  latent  period  of  some  seconds.  The  striated  muscles  of 
cold-blooded  animals  have  a  longer  latency  than  the  same  kind 
of  muscle  in  birds  and  mammalia.  The  same  gastrocnemius  of 
a  frog  has  a  shorter  latent  period  when  strongly  stimulated,  or 
when  its  temperature  is  raised,  and  vice  versd. 

The  latent  period  is  considerably  lengthened  by  fatigue.     If 
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the  weight  be  so  applied  (hat  it  does  not  extend  the  muscle  before 
contraction,  but  only  bears  on  it  the  instant  it  commences  to 
shorten,  the  duration  of  the  latent  period  increases  in  proportion 
to  the  weight  the  muscle  has  to  lift. 

The  duration  of  the  single  contraction  of  striated  muscle 
varies  in  different  cases  and  under  varying  circumstances.  With 
submaximal  stimulation  the  length  of  the  curve  increases  with 
the  strength  of  the  stimulation.  When  the  maximal  strength 
of  stimulus  ((.  e.,  that  excjtingamac/ma/fi'/f/rac//i)fl)  is  reached, 
no  further  lengthening  of  the  curve  takes  place. 

The  greatest  difference  is  observed  in  the  muscles  found  in  dif- 
ferent kinds  of  animals.  The  contraction  of  some  kinds  of  mus- 
cle tissue  (non-striated  muscle  of  mollusca,  for  example)  occupies 
several  minutes,  and  reminds  one  of  the  slow  movement  of 
protoplasm;  while  the  rapid  action  of  the  muscle  of  the  wing  of 


Curvn  drawn  by  Ihe  tame   miwck  in  diflereni  lUgo  of  hltgue— A,  when  treih;  B,  C,D. 
K.  each  immedbilely  allci  the  niuicle  hud  contr)i:c<d  aco  ilmei.    Showing  Ihm  faligue 

a  horsefly  occurs  330  times  a  second.  Various  gradations  between 
these  extremes  in  the  rapidity  of  muscle  contraction  may  be 
found  in  the  contractile  tissues  of  different  animals.  The  fol- 
lowing table  gives  the  rate  of  contraction  of  some  insects'  mus- 
cles, which  may  help  to  show  the  extent  of  these  variations: — 

Horsefly 330  conti  action!  per  second. 

Bee, 190  ••  ■' 

Wasp, 1 10 

Dmeonny 28  "  " 

BuUerfly, 9  "  " 

Among  the  vertebraia  the  duration  of  the  contraction  of  the 
skeletal  muscles  varies  considerably,  according  to  the  habits  of 
the  animal.     The  limb  muscles  of  the  tortoise  and  the  toad  lake 
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a  very  long  time  to  finish  their  contraction ;  other  muscles  of 

the  same  animals  act  more  quickly,  but  do  not  attain  the  rapidity 

of  contraction  of  the  skeletal  mascles  of  warm-blooded  animals. 

The  duration  of  a  single  contraction  of  the  same  muscle  is  also 

Fio.187- 


Sli  curvn  dnwn  by  the  iam>  nindc  when  itHlchcd  by  diSErcnt  •eEghu.    Shooing  Ihat 

capable  of  considerable  variation.     It  seems  to  be  lengthened  by 
anything  that  leads  to  an  accumulation  of  the  chemical  pro- 
ducts which  arise  from  muscle  activity.     Hence  fatigue  or  over- 
stimulation causes  a  slow  contraction  (Fig.  i86). 
F1G.1S8. 


Cur«ei  drawn  by  the  umc  muicJc  ai  dllfer«nl  temp«ra1iir«^.  Showing  thjit  wiih  ele« 
of  temperalurt  the  laUncy  and  the  controciion  become  shoner.  (The  mutcle  had 
pRvioidly  cooled.) 

Moderate  increase  of  temperature  greatly  shortens  the  I 
occupied  by  the  single  contraction  of  any  given  muscle.  Ex 
sive  heat  causes  a  state  of  continued  contraction. 
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The  reduction  of  lemperature  causes  a  muscle  to  contract 
more  slowly,  and  when  extreme,  the  muscle  remains  contracted 
long  after  the  stimulus  is  removed. 

The  allUude  of  the  curve  which   represents  the  extent  of  the 

Fig.  1S9. 


contraction  varies  in  the  same  way  as  the  latent  period  and  the 
duration. 

MAXIMUM  CONTRACTION. 

The  extent  to  which  a  muscle  will  contract  depends  ii{)on  the 

conditions  in  which  it  is  placed,  and  varies  with  the  load,  its 


whicik  it  kbown  by  tha  small  upstroke  of  the  left  hand  of  the  ba^e  Lii 
3.  UHiliBuin  conlTdction  reaultipf  fivm  fccond  timpk  itimuUtion  1 

in<lic>ied  br  ihc  glkcr  ■mall  upairokt 
3.  Curve  drawn  as  Iha  muh  of  duubk  ■timutniion  lenl  in  ai  u  int 


irritability,  the  temi>erature,  and  the  force  of  the  stimulus.  A 
fresh  muscle  at  the  ordinary  temperature,  with  a  medium  load, 
will   contract  more  and   more  as  the  intensity  of  the  current 
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employed  increases.  There  is  a  limit  to  this  increase,  and  with 
comparatively  weak  stimulation  an  effect  is  produced  which 
cannot  be  surpassed  by  the  same  muscle  with  further  increment 
of  stimulus.  The  height  of  the  contraction  is  the  same  for  all 
medium  stimuli  while  the  muscle  is  fresh.  This  is  called  the 
maximum  contraction,  being  the  greatest  shortening  which  can  be 
produced  by  a  single  stimulus. 

Summation, — Each  time  a  muscle  receives  an  induction  shock 
of  medium  strength,  it  responds  with  a  '*  maximal  contraction/' 
but  this  is  not  the  maximum  amount  the  muscle  can  contract 
yv'\\h  repeated  stimulation.  If  a  second  stimulus  be  given  while 
the  muscle  is  in  the  contracted  state,  a  new  maximum  contrac- 
tion is  added  to  the  contraction  already  arrived  at  by  the  muscle 
at  the  moment  of  the  second  stimulation.  If  stimulated  when 
the  lever  is  at  the  apex  of  the  cur\'e,  the  sum  of  the  effect  pro- 
duced will  be  equal  to  two  maximum  contractions. 

If  applied  in  the  middle  of  the  period  of  the  ascent  or  descent 
of  the  lever,  a  second  stimulation  gives  rise  to  i^  maximum  con- 
tractions, and  so  on,  in  various  parts  of  the  curve,  a  new  maxi- 
mum curve  is  produced,  arising  from  the  point  at  which  the 
lever  is  when  the  second  stimulus  is  applied  (Fig.  190). 

During  the  latent  period  a  second  stimulation  produces  the 
same  effect,  but  the  summation  only  begins  at  the  end  of  the 
latent  period  of  the  second  contraction,  when  the  effect  of  the 
first  stimulus  is  as  yet  small.  It  is  difficult  to  demonstrate  the 
summation  when  the  stimuli  are  very  close,  but  if  the  second 
stimulus  comes  after  an  interval  of  more  than  -^^  sec,  summa- 
tion can  easily  be  appreciated. 

This  summation  of  effect  also  takes  place  when  the  stimulus  is 
insufficient  to  produce  a  maximum  contraction.  The  first  few 
weak  stimuli  give  rise  to  the  same  extent  of  contraction  as  if 
the  muscle  were  at  its  normal  length  at  the  time  of  each  succes- 
sive stimulation.  The  following  tracings  (Figs.  191-193)  show 
the  effects  of  rejieated  stimulations  applied  at  the  various  periods 
indicated  by  the  numbers  on  the  abscissa  line. 
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TETANUS. 

If  a  series  of  stimuli  be  applied  in  succession,  at  intervals  less 

than  the  duration  of  a  single  contraction,  a  summation  of  con 

tractions  occurs,  which  results  in  the  accumulation  of  effect  until 

the  muscle  has  shortened  to  about  one-half  of    the  length  it 


drawn  bv  a  I 


attains  during  a  single  contraction,  or  about  one-fourth  the 
normal  length  of  the  relaxed  muscle  ;  it  then  remains  contracted 
to  the  same  extent  for  some  time,  and  does  not  shorten  further, 
though  the  stimulus  be  increased  in  rate  or  strength.  As  long 
as  the  stimuli  are   continued,    the  various  single  contractions 


caused  by  the  individual  shocks  are  fused  together  (Fig.  191) ; 
but  if  the  intervals  l)etween  the  stimuli  be  nearly  as  long  as  the 
time  occupied  by  a  single  contraction,  the  line  drawn  by  the 
lever  will  show  notches  indicating  the  apices  of  the  fused  single 
contractions  (Figs.  192  and  193). 
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'ITiis  condition  of  summation  of  contractions  is  called  tetanus, 
and  is  said,  by  some,  to  be  the  manner  in  which  muscular  motion 
is  produced  by  the  action  of  the  nerves  in  obedience  to  the  wilt. 

With  from  fifteen  a  second  to  upwards  of  many  hundreds  of 
induced  shocks  one  can  produce  tetanus  in  a  frog's  muscle.  The 
lowest  rate  of  electric  stimulation  at  which  human  muscle  passes 
into  complete  tetanus  is  about  25  per  sec.  The  number  of  stim- 
uli required  varies  with  the  rate  of  contraction  of  the.  muscle 
employed,  the  quick-contracting  bird's  muscle  requiting  70  per 
second,  while  the  exceptionally  slow-moving  tortoise  muscle 
only  requires  3  per  second.  According  to  some,  there  is  a  limit 
to  the  number  of  stimuli  which  will  cause  tetanus — 36a  per 
second  is  named  as  the  maximum  for  a  certain  strength  of 


stimulus;  with  stronger  stimuli,  even  when  more  frequent, 
tetanus  occurs.  It  has  been  shown  that  many  thousand  stimuli 
per  second  can  cause  tetanus  even  with  very  weak  currents.  If 
tetanus  be  kept  up  for  some  seconds,  and  the  stimulation  be  then 
suddenly  stopped,  the  lever  falls  rapidly  for  a  certain  distance, 
but  the  muscle  does  not  quite  return  to  its  normal  length  for 
some  few  seconds.  This  residual  contraction  is  easily  overcome 
by  any  substantial  load.  If  kept  in  a  state  of  tetanus  by  weak 
stimulation,  after  some  time  the  muscle  commences  to  relax  from 
fatigue,  at  first  rapidly,  then  more  slowly.  This  falling  off  of 
the  tetanic  contraction  may  be  prevented  by  increasing  the 
stimulus. 
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MUSCLE  TONE. 

Although  the  tracing  drawn  by  a  lever  attached  to  a  muscle 
in  tetanus  is  straight,  and  does  not  show  any  variation  in  the 
tension  of  the  tetanized  muscle,  some  variations  in  tension  must 
occur,  since  a  low  humming  sound  is  produced  during  contrac- 
tion. A  muscle  tone,  like  the  purring  of  a  cat,  can  be  heard  by 
applying  the  ear  firmly  over  any  large  muscle  (biceps)  while 
in  tetanus,  by  throwing  the  muscles  attached  to  the  orbit  and 
Eustachian  tube  into  powerful  action,  or  by  spasm  of  the  muscles 
in  mastication. 

The  number  of  vibrations  which  has  been  estimated  to  occur 
in  the  voluntary  contraction  of  human  skeletal  muscles  does  not 
produce  an  audible  note ;  hence  it  has  been  supposed  that  the 
note  we  hear  has  been  an  overtone.  When  a  muscle  is  thrown 
into  tetanus  by  a  current  interrupted  by  a  tuning  fork,  a  tone  is 
produced  which  corresponds  with  that  of  the  fork  causing  the 
interruption  in  the  current  by  definite  vibrations,  which  regulate 
the  number  of  stimulations  the  muscle  receives.  If,  on  the 
other  hand,  a  contraction  of  the  muscle  be  brought  about  by 
stimulating  the  spinal  cord,  with  the  same  rate  of  breaking  the 
current,  the  normal  muscle  tone  is  produced,  as  if  the  contrac- 
tion were  the  result  of  a  nerve  impulse  coming  from  the  brain. 

There  is  no  satisfactory  proof,  however,  that  the  variation  in 
tension  of  the  continuous  contraction  of  voluntary  muscle  is 
strictly  rhythmical.  The  sensation  of  a  sound  like  the  muscle 
tone  is  produced  by  any  nearly  i:)eriodic  vibrations  of  less  rate 
than  25  per  second.  The  pitch  of  the  muscle  tone  varies  with 
the  tension  of  the  membrana  tympani.  Hence,  it  has  been  sug- 
gested that  it  corresponds  with  the  resonant  tone  proper  to  the 
membrane  of  the  drum  ;  which  may  be  evoked  by  any  trembling 
movements  of  the  muscle  fibres  due  to  slight  variations  in  the 
force  or  distribution  of  tljp  impulses  transmitted  by  the  motor 

nerves. 

IRRITABILITY  AND  FATIGUE. 

The  activity  of  the  muscle  tissue  of  mammalian  animals  is 
closely  dependent  upon  a  good  supply  of  nutrition,  and  if  its 
blood  current  be  completely  cut  off  by  any  means  for  a  length 
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of  time,  it  loses  its  power  of  contracting.  While  the  muscle 
remains  in  the  body,  and  is  kept  warm  and  moist  by  the  juices 
in  the  tissues,  it  will  live  a  very  considerable  time  without  any 
blood  flowing  through  it,  and  it  at  once  regains  its  contractility 
when  the  blood  stream  is  again  allowed  to  flow  through  its  ves- 
sels. This  is  seen  when  the  circulation  of  a  limb  is  brought  to  a 
standstill  by  means  of  a  tourniquet  or  a  tightly  applied  band- 
age. A  mammalian  muscle  soon  ceases  to  be  irritable  and  dies 
when  removed  from  the  body,  but  its  functional  activity  may  be 
renewed  by  passing  an  artificial  stream  of  arterial  blood  through 
its  vessels,  and  an  isolated  muscle  may  thus  be  made  to  contract 
repeatedly  for  a  considerable  time. 

On  the  other  hand,  the  muscle  of  a  cold-blooded  animal  will 
remain  alive  for  a  long  time — ^many  hours — if  kept  cool  and 
moist.  When  its  functional  activity  is  about  to  fade,  it  may  be 
revived  by  means  of  an  artificial  stream  of  blood  caused  to  flow 
through  its  vessels,  just  as  in  the  case  of  the  mammalian 
muscle. 

Common  experience  teaches  us  that  even  when  well  supplied 
with  blood  our  muscles  become  fatigued  after  very  prolonged 
exertion,  and  are  incapable  of  further  action.  This  occurs  all 
the  more  rapidly  when  anything  interferes  with  the  flow  of  blood 
through  them,  such  as  using  our  arms  in  an  elevated  position ; 
the  simple  operation  of  driving  in  a  screw  overhead  is  soon  fol- 
lowed by  pain  and  fatigue  in  the  muscles  of  the  forearm,  though 
the  same  amount  of  force  could  be  exerted  when  the  arms  are  in 
a  lower  posture,  without  the  least  feeling  of  fatigue. 

The  difficulties  of  experimenting  with  the  muscles  of  mammals 
make  the  frog  muscle  the  common  material  for  investigation, 
and  from  it  we  learn  the  following  facts : — 

1.  When  removed  from  the  body  and  deprived  of  its  blood 
supply,  the  muscle  of  a  cold-blooded  animal  slowly  dies  from 
want  of  nutrition.  If  it  be  placed  under  favorable  circumstances, 
and  allowed  perfect  rest,  it  may  live  twenty-four  hours.  If  it  be 
frequently  excited  to  action,  on  the  other  hand,  it  rapidly  loses 
its  irritability,  being  worn  out  by  fatigue. 

2.  From  a  muscle  removed  from  a  recently-killed  animal,  we 
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learn,  that  even  without  a  supply  of  blood  the  muscle  tissue  is 
capable  of  recovering  from  very  well-marked  fatigue,  if  it  be 
allowed  to  rest  for  a  little  time,  so  that  the  muscle  has  in  itself 
the  material  requisite  for  the  recuperation. 

The  first  question  then  is,  What  causes  the  loss  of  irritability 
which  we  call  fatigue  ?  And  the  second  is,  By  what  means  is  the 
muscle  enabled  to  return  to  a  state  of  functional  activity  ?  We 
know  that  the  mere  life  of  a  tissue  must  be  accompanied  by  cer- 
tain chemical  changes  which  require  («)  a  supply  of  fresh  mate- 
rial, and  (d)  the  removal  of  certain  substances  which  are  the 
outcome  of  the  tissue  change. 

In  the  case  of  muscle,  this  chemical  interchange  is  constantly 
but  slowly  going  on  between  the  contractile  substance  and  the 
blood.  When  the  muscle  contracts,  much  more  active  and  prob- 
ably different  changes  go  on  in  the  contractile  substance,  more 
new  material  being  required,  and  more  effete  matter  being  pro- 
duced. It  is  probable  that  the  accumulation  of  these  effete  mat- 
ters is  the  more  important  cause  of  the  loss  of  irritability  in  a 
muscle,  for  a  frog's  muscle,  when  quite  fatigued,  may  be  rendered 
active  again  by  washing  out  its  blood  vessels  with  a  stream  of 
salt  solution  of  the  same  density  as  the  serum  (.6  per  cent.  NaCl), 
and  thus  removing  the  injurious  "  fatigue  stuffs,'*  as  they  have 
been  called.  It  is  found  that  a  very  minute  quantity  of  lactic 
acid  injected  into  the  vessels  of  a  muscle  destroys  its  irritability, 
and  brings  it  to  a  state  resembling  intense  fatigue.  Of  the  new 
materials  required  for  the  sustentation  of  muscle  irritability, 
oxygen  is  among  the  most  important,  though  its  supply  is  not 
al)solutely  necessary  for  the  recuperation  of  a  partially  exhausted, 
isolated  frog's  muscle. 

The  slow  recovery  of  a  bloodless  muscle  from  fatigue  may  be 
explained  by  supposing  time  to  be  nece&sary  for  the  reconstruc- 
tion of  new  contractile  material,  and  probably,  also,  for  a  second- 
ary change  to  take  place  in  the  effete  materials,  by  which  they 
become  less  injurious. 

When  working  actively  the  muscles  require  an  adequate  sup- 
ply of  good  arterial  blood  in  order  to  ward  off  exhaustion ;  and, 
as  already  explained  in  speaking  of  the  vasomotor  influences,  a 
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muscle  receives  a  greater  supply  of  blood  when  actively  con- 
tracting than  when  in  the  passive  state. 

The  irritability  of  a  muscle  and  the  rate  at  which  it  becomes 
exhausted  may  be  said  to  depend  upon  : — 

1.  The  adequacy  of  its  blood  supply :  the  better  the  supply  of 
new  material  and  the  more  quickly  the  injurious  effete  materials 
are  removed,  the  more  work  a  muscle  can  do  without  becoming 
exhausted. 

2.  Temperature  has  a  marked  effect  on  the  irritability  of 
muscles,  as  well  as  upon  the  form  of  this  contraction.  Low  tem- 
peratures— approaching  5°  C. — diminish  the  irritability  of  a 
muscle,  but  do  not  seem  tb  tend  toward  more  rapid  exhaustion. 
High  temperatures — approaching  30°  C. — increase  the  irritabil- 
ity, and  at  the  same  time  rapidly  bring  about  fatigue.  At  about 
35®  C.  an  isolated  frog's  muscle  begins  to  pass  into  heat  tetanus, 
and  permanently  loses  its  irritability. 

3.  Functional  activity  is  accompanied  by  an  increased  blood 
supply,  and  a  more  perfect  nutrition  of  the  muscles,  hence  activ- 
ity is  advantageous  for  their  growth  and  power ;  while,  on  the 
other  hand,  continued  and  prolonged  inactivity  causes  a  lower- 
ing of  the  nutrition  and  loss  of  irritability.  Thus,  when  the 
nerves  supplying  the  voluntary  muscles  are  injured,  there  is  con- 
siderable danger  of  atrophy  and  tissue  degeneration  of  the 
muscles;  the  contractile  substance  becomes  replaced  by  fat 
granules.  This  degeneration  also  occurs  in  the  stump  when  a 
limb  is  amputated,  the  distal  attachments  of  the  muscles  having 
been  cut  they  cannot  act,  and  after  some  time  they  become  com- 
pletely atrophied,  so  that  muscle  tissue  can  hardly  be  recognized 

in  them. 

DEATH  RIGOR. 

The  death  of  muscle  tissue  is  associated  with  a  set  of  changes 
which,  in  some  respects,  resemble  those  observed  in  its  active 
state.  The  most  obvious  phenomenon  is  an  unyielding  contrac- 
tion, which  causes  the  stiffening  of  the  body  after  death.  Hence, 
it  is  called  rigor  mariis.  The  muscles  harden  ;  lose  their  elastic- 
ity, and  the  tissue  is  torn  if  forcibly  stretched.  When  isolated, 
the  muscle  is  seen  to  be  opaque,  and  its  reaction  is  found  to  be 
40 
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distinctly  acid.  A  considerable  quantity  of  heat  is  developed 
during  the  progress  of  the  rigor.  The  electric  currents  alter  in 
direction  and  finally  disappear. 

The  period  at  which  rigor  comes  on  and  its  duration  depend 
on  (fl)  the  state  of  the  muscles,  and  {b)  the  circumstances  under 
which  they  are  placed  at  the  time  of  death.  All  influences 
which  tend  to  cause  death  of  the  tissue  induce  early  rigor  of 
short  duration,  viz.,  (i)  Prolonged  activity — ^as  may  be  shown 
in  a  muscle  artificially  tetanized,  or  seen  in  an  animal  whose 
death  was  preceded  by  intense  muscular  exertion — causes  rigor 
to  appear  almost  immediately,  and  to  terminate  rapidly.  (2) 
High  temperature  facilitates  the  production  of  rigor  in  dying 
muscles  ;  indeed,  a  temperature  not  much  exceeding  that  normal 
to  the  tissue  induces  rigor.  This  form  of  contraction,  which  is 
called  heat  rigor,  is  brought  about  in  mammalian  muscles  by  a 
temperature  of  about  50°  C,  and  in  frog's  muscles  below  40°  C. 
If,  however,  the  temperature  of  a  muscle  be  suddenly  raised  to 
the  boiling  point,  it  is  killed,  and  the  chief  phenomena  of  rigor 
are  prevented  from  occurring.  (3)  Freezing  postpones  the 
changes  in  the  muscles  upon  which  rigor  depends.  (4)  Stretch- 
ing, or  any  mechanical  excitation  which  tends  to  injure  the 
tissue,  causes  it  to  pass  more  rapidly  into  rigor.  (5)  The  appli- 
cation of  water  and  of  a  number  of  chemical  substances  cause 
muscles  quickly  to  pass  into  a  state  of  rigor  similar  to  that  which 
ordinarily  follows  the  death  of  the  tissue.  (6)  Any  stoppage  in 
the  blood  current  normally  flowing  through  a  muscle,  after  some 
time  makes  it  pass  into  a  state  of  rigidity  like  rigor  mortis,  but 
this  may  be  removed  by  allowing  the  blood  to  flow^  freely  again 
through  the  muscle. 

It  is  generally  admitted  that  rigor  mortis  dej^nds  on  the  ten- 
dency of  the  muscle  plasma  to  coagulate  and  give  rise  to  myosin 
and  muscle  senim.  This  is,  in  most  respects,  comparable  with  the 
coagulation  of  the  blood,  and  may  also  depend  upon  the  action 
of  some  ferment,  of  which  there  is  no  lack  in  dead  muscle  tissue. 
Compare  the  paragraph  on  chemistry,  pp.  445,  446. 

Most  of  the  phenomena  of  the  process  of  muscle  rigor  remind 
us  of  the  changes  already  described  as  occurring  in  muscle,  when 
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it  passes  from  the  passive  to  the  active  state.  Thus,  the  shorten- 
ing of  the  fibres,  the  evolution  of  heat,  and  the  chemical  changes 
may  be  said  to  be  identical  in  contraction  and  rigor  mortis. 
The  electrical  changes  are,  however,  very  transitory,  and  the 
rigor  is  accompanied  by  loss  of  elasticity  and  irritability. 
Opacity  of  the  tissue  marks  its  later  stages. 

Thus,  while  dying,  the  muscle  tissue  may  be  said  to  go  through 
a  series  of  events  analogous  to  those  which  would  occur  in  a 
prolonged  contraction  without  any  period  of  recuperation.  The 
idea  has  naturally  suggested  itself  to  the  minds  of  physiologists, 
that  the  active  state  of  muscle  depends  upon  chemical  changes 
which  are  the  initial  step^  in  the  coagulation  of  the  contractile 
substance,  when  the  muscle  is  dying.  The  muscle  tissue  is  sup- 
posed to  contain  a  special  proteid  of  extremely  intricate  and 
unstable  chemical  constitution,  which  is  constantly  undergoing 
slow  molecular  change,  and  which,  if  not  reintegrated  by  con- 
stant assimilation,  would  pass  into  coagulation.  Under  the  influ- 
ence of  stimuli  a  comparatively  sudden  and  intense  molecular 
disturbance  is  brought  about,  which  produces  shortening  of  the 
fibres,  and  the  same  chemical  changes  as  precede  the  coagulation. 
Before  the  stage  of  coagulation  appears  a  chemical  rearrange- 
ment takes  place,  the  result  of  which  is  the  reconstruction  of 
the  unstable  complex  proteid.  If  nutriment  be  withheld,  or  if 
the  stimulation  be  too  powerful,  the  recovery  cannot  take  place, 
and  we  find  the  muscle  passing  from  a  state  of  physiological 
contraction  to  one  of  intense  exhaustion,  and  then. to  coagulation 

and  death. 

UNSTRIATED  MUSCLE. 

So  far  reference  has  only  been  made  to  the  skeletal  muscles, 
the  fibres  of  which  are  marked  by  transverse  striations,  and 
whose  single  contraction  is  extremely  rapid  and  short.  The 
contractile  tissues  which  carry  on  the  movements  in  the  various 
organs  of  the  body  are  not  striated  fibres,  but,  as  has  been 
already  stated,  consist  of  elongated  flattened  cells  with  rod- 
shaped  nuclei.  They  occur  generally  in  the  form  of  sheets  or 
layers,  forming  coats  for  the  organs  in  which  they  lie.  Their 
single  contraction  is  slow  and  prolonged,  and  is  generally  trans- 
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mitted  from  one  muscle  cell  to  another  as  a  kind  of  sluggish 
wave.  They  are  not  capable  of  passing  into  a  tetanic  state  of 
contraction,  like  striated  muscles. 

The  slowest  contraction  seems  to  be  that  of  the  muscle  cells 
in  the  walls  of  the  blood  vessels.  These  remain  in  a  state  of 
partial  contraction,  which  undergoes  a  brief  and  temporary 
rhythmical  relaxation.  The  most  forcible  aggregate  of  unstriated 
muscle  elements  is  met  with  in  the  uterus.  This  organ,  which 
has  very  exceptional  motor  powers  to  perform,  contracts  in  some- 
what the  same  way  as  the  muscles  of  the  blood  vessels,  but  more 
quickly,  and  with  longer  rhythmical  intervals  of  partial  relaxa- 
tion. The  mu-scular  wall  of  the  intestine,  and  the  iris,  are  among 
the  most  rapidly  contracting  smooth  muscles. 

The  chemical  properties  of  the  smooth  muscle  are  somewhat 
similar  to  those  of  striated  skeletal  muscles,  and  they  pass  into 
a  state  of  rigor,  while  dying,  which  seems  to  depend  on  the  same 
causes  as  the  rigor  mortis  already  described. 
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CHAPTER  XXVI. 

THE  APPLICATION  OF  SKELETAL  MUSCLES. 

'The  consideration  of  the  many  varieties  of  muscles,  and  the 
various  modes  in  which  they  are  attached  to  the  bones  that  they 
are  destined  to  move,  belongs  to  the  department  of  practical 
anatomy,  and  needs  no  mention  here.  As  a  general  but  by  no 
means  universal  rule,  a  muscle  has  one  attachment  which  is  fixed, 
commonly  spoken  of  as  its  origin,  and  a  second,  called  its  inser- 
Harty  upon  which  it  acts  by  approximating  it  to  the  origin.  Mus- 
cles usually  pass  in  a  straight  line  between  their  two  attachments, 
but  sometimes  they  act  round  an  angle  by  sliding  over  a  pulley, 
or  by  means  of  a  small  bone  in  the  tendon,  like  the  patella. 

The  muscles  are  so  attached  that  they  are  always  slightly  on 
the  stretch,  and  thus,  at  the  moment  they  begin  to  contract,  they 
are  in  an  advantageous  position  to  bring  their  .action  to  bear  on 
the  bones  which  they  move.  When  the  contraction  ceases,  the 
bones  are  drawn  back  to  their  former  position  without  any  sudden 
jerk  or  jar. 

The  muscles  act  upon  the  bones  as  levers,  by  working  upon 
the  short  arm  of  the  lever,  so  that  more  direct  force  is  required 
on  the  part  of  a  muscle  than  the  weight  of  the  body  moved  ;  but 
from  this  arrangement  considerable  advantages  are  gained,  viz., 
that  a  small  contraction  of  the  muscle  causes  an  extensive  excur- 
sion of  the  part  moved,  and  much  greater  rapidity  of  motion  is 
attained. 

All  the  three  orders  of  levers  are  met  with  in  the  movements 
of  the  different  bones  of  the  skeleton ;  often,  indeed,  all  three 
varieties  are  found  in  the  same  joint,  as  the  elbow,  where  the 
simple  extension  and  flexion  motions  of  the  biceps  and  triceps 
mus<iles  give  us  good  examples  (Fig.  194). 

The  first  order  of  lever  is  used  when  the  triceps  is  the  power 
and  draws  upon  the  olecranon,  thus  moving  the  hand  and  fore- 
arm around  the  trochlea,  which  acts  as  the  fulcrum.     This  is 
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Fig.  194. 


shown  in  the  upper  diagram,  in  which  the  hand  is  striking  a  blow 

with  a  dagger. 

The  second  order  comes  into  play  when  the  hand,  resting  on  a 

point  of  support,  acts  as  the  fulcrum,  and  the  triceps  pulling  on 

the  olecranon  is  the  power  which  raises  the  humenis,  upon  which 

is  fixed  the  body  or  weight  (middle  diagram). 

The  third  order  may  be  exemplified  by  the  action  of  the  biceps 

in  ordinary  flexion  of  the  elbow.    Here  the  muscle,  which  is  the 

power,  is  placed  between  the  fulcrum — 
represented  by  the  lower  end  of  the 
humerus — ^and  the  weight  which  is  car- 
ried by  the  hand  (lower  diagram). 

The  various  groups  of  muscles  which 
are  so  arranged  as  to  assist  each  other 
when  acting  together,  are  called  syner- 
getics and  those  which,  when  contracting 
at  the  same  time,  opjxjse  each  other,  are 
called  antagonistic.  The  same  muscles 
may,  in  different  positions  of  a  joint  or 
in  combination  with  other  muscles,  have 
totally  different  actions,  at  one  time 
being  synergetic  and  at  another  antago- 
nistic. Thus,  the  sterno-mastoid  mus- 
cle may,  in  different  positions  of  the 
head,  either  bend  the  cranium  backward 
or  forward,  and  so  cooperate  with  two 
sets  of  muscles  which  are  definitely  an- 
tagonistic to  one  another. 


Diagrams  showing  the  mode  of 
action  of  the  three  orders  of 
levers  (numbered  from  above 
downward)  illustrated  by  the 
action  of  the  elbow  joint. 


JOINTS. 

The  unions  between  the  bones  of  the 

skeleton  are  very  varied  in  function  and 

character.     They  may  be  classed  as : — 

I.  Sutures,  in  which  the  bones  are  firmly  united  by  nigged 

surfaces  without  the  interposition  of  any  cartilage.     They  are 

practically  only  the  lines  of  union  of  different  bones,  which  grow 

together  to  form  a  single  bone. 
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2.  Symphyses,  in  which  two  bony  substances  are  strongly 
cemented  together  by  ligaments,  and  a  more  or  less  thick  adher- 
ent layer  of  fibro-cartilage,  are  joints  allowing  of  some  move- 
ment, which  is,  however,  very  limited. 

3.  Arthroses,  or  true  movable  joints,  such  as  are  commonly 
met  with  in  the  extremities.  They  are  characterized  by  a  syno- 
vial sac  lining  the  surrounding  ligaments,  and  two  smooth  sur- 
faces of  cartilage  which  cover  over  the  bony  extremities  taking 
part  in  the  articulation,  and  form  what  are  called  the  articular  sur- 
faces. The  synovial  sac  is  strengthened  by  a  loose  membranous 
covering — the  capsular  ligament — which  is  attached  round  the 
edge  of  the  cartilages  next  to  the  periosteum,  which  here  cea.ses. 

The  articular  surfaces  are  always  in  exact  and  close  contact, 
being  pressed  together  by  the  following  influences:  (i)  The 
elastic  tension  and  tonic  contraction  of  the  surrounding  muscles, 
which  exert  considerable  traction  on  them.  (2)  The  traction 
of  the  surrounding  ligaments,  which  in  some  cases  holds  the 
bones  firmly,  together,  no  matter  what  their  relative  positions 
may  be.  This  can  be  well  seen  in  the  knee  joint,  in  which  a 
comparatively  small  number  of  the  ligaments  suffice  to  keep  the 
articular  surfaces  in  contact.  (3)  The  atmo.spheric  pressure  also 
tends  to  hold  the  bones  in  close  apposition,  as  may  be  seen  in 
the  hip  joint,  which  is  not  easily  disarticulated,  even  when  all 
the  surrounding  structures  and  the  ligaments  have  been  severed. 

The  synovial  joints  may  be  classified  according  to  the  form  of 
•   their  surfaces,  or  their  mode  of  motion  as  follows : — 

1 .  Flat  articular  surfaces  held  together  by  a  short  rigid  cap- 
sule, allowing  of  but  very  slight  gliding  movement ;  examples  of 
this  form  pf  joint  are  to  be  found  in  the  tarsus  and  the  articular 
processes  of  the  vertebrae. 

2.  Hinge  joints,  in  which  the  surfaces  are  so  adapted  that  only 
one  kind  of  motion  can  take  place.  A  groove-like  cavity  in 
one  bone  fits  closely  and  glides  around  the  axis  of  a  roller  on  the 
other  bone,  while  the  sides  of  the  joint  are  kept  tightly  together 
by  means  of  small  lateral  ligaments.  Examples  of  this  form  of 
joint  are  to  be  found  between  the  phalanges  of  the  digits  and  at 
the  humero-ulnar  joint. 
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3.  The  rotary  hinge,  or  pivot  joint,  in  which  a  part  moves 
round  the  axis  of  the  bone,  instead  of  the  axis  of  rotation  being 
at  right  angles  to  both  bones,  forming  the  joint  as  in  an  ordinary 
hinge.  Such  joints  are  seen  at  the  head  of  the  radius  and  at  the 
articulation  between  the  atlas  and  the  odontoid  process  of  the 
axis. 

4.  A  saddle-shaped  joint  is  a  kind  of  double  hinge,  in  which 
each  of  the  articulating  bones  forms  a  partial  socket  and  roller, 
and  hence  there  are  two  axes  of  rotation,  placed  more  or  less  at 
right  angles  one  to  the  other.  A  good  example  of  this  kind  of 
joint  occurs  between  the  thumb  and  one  of  the  wrist  bones. 

5.  Spiral  articulations  are  modifications  of  the  hinge,  in  which 
the  surface  of  the  roller  does  not  run  '*  true,"  but  becomes  eccen- 
tric, so  that  the  surface  of  the  roller  forms,  really,  part  of  a 
spiral,  by  means  of  which  the  bone  articulating  with  it  is  forced 
away  from  the  central  axis  of  rotation  and  becomes  jammed,  as 
if  stopped  by  a  wedge.  The  best  example  of  this  is  the  knee. 
In  this  joint  the  axis  of  rotation  (c)  is  near  the  posterior  sur- 
faces of  the  bones,  and  passes  transversely  through  the  condyles 
of  the  femur,  the  surfaces  of  which  form  an  arc,  the  centre  cor- 
responding to  the  axis  of  motion.  In  ordi- 
nary flexion  the  head  of  the  tibia  (f)  moves 
on  the  arc  around  the  axes  so  as  to  partially 
relax  the  lateral  ligament  and  allow  of  some 
rotation  on  the  axis  of  the  tibia.  When  the 
head  of  the  tibia  moves  forward,  in  exten- 
sion (e),  it  becomes  wedged  against  the  ante- 
rior part  of  the  articular  surface  of  the 
femur  (w),  which  presents  an  eccentric, 
spiral -like  curve,  departing  more  and  more 
from  the  centre  of  rotation  as  the  articular 
surface  of  the  tibia  proceeds  forward.  The 
effect  of  this  is,  that  in  extension  of  the  leg 
the  ligaments  are  made  tense,  and  the  bones 
are  firmly  locked  together.     Owing  to  the 

inequality  between  the  size  of  the  internal  and  external  con- 
dyles, the  axis  of  rotation  is  not  at  right  angles  to  the  axis  of  the 


Fig.  195. 


Diagram  of  the  action  ot 

the  knee  joint. 
W  •»>  articular  surface  of 

femur. 
E  —  tibia  in  position  of 

extension. 
F  —  tibia  in  position  of 

flexion. 
C  -"  centre  of  rotation. 
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femur,  but  is  at  such  an  angle  that  extreme  extension  causes  a 

slight  amount  of  outward  motion  of  the  leg. 

6.  In  the  ball  and  socket  joints — the  name  of  which  implies 

their  mechanism — the  most  varied  movements  occur.     (Hip  and 

shoulder.) 

STANDING. 

In  order  that  an  elongated  rigid  body  may  stand  upright,  it 
is  only  necessary  that  a  line  drawn  vertically  through  its  centre 
of  gravity  should  pass  within  its  basis  of  support,  and,  if  the 
latter  be  sufficiently  wide,  the  object  will  remain  permanently  in 
that  position.  The  human  body,  in  the  first  place,  is  not  rigid, 
and  in  the  second  place  the  basis  of  support  is  too  small  to 
insure  a  satisfactory  degree  of  steadiness.  The  act  of  standing 
must,  therefore,  be  accomplished  by  the  action  of  certain  mus- 
cles, which  are  employed  in  preventing  the  different  joints  from 
bending,  and  in  so  balancing  the  various  parts  of  the  body  as  to 
keep  the  whole  frame  from  toppling  over. 

In  order  to  economize  muscular  energy  while  standing,  we 
may  lock  the  more  important  joints,  and  thus  dej^end  rather  on 
the  passive  ligaments  than  upon  muscular  action  for  the  rigidity 
of  the  body.  With  this  object  we  are  taught  to  place  the  heels 
together,  turn  out  the  toes,  bring  the  legs  parallel  by  approxi- 
mating them,  and,  extending  the  knees  to  the  utmost,  to  straighten 
and  to  throw  back  the  trunk  so  as  to  render  tense  the  anterior 
hip  ligaments,  to  direct  the  face  straight  forward  so  as  to  balance 
the  head  evenly,  and  to  let  the  arms  fall  by  the  sides. 

In  this  position,  as  a  soldier  stands  at  attention,  the  knee  and 
hip  joints  remain  fixed,  without  any  effort  on  the  part  of  the 
muscles,  but  it  is  far  from  being  the  most  comfortable  attitude 
one  can  assume  for  prolonged  standing,  and  hence  the  position 
known  best  by  the  order  '* stand  at  ease'*  is  adopted  if  more 
complete  rest  is  desired.  In  this  position  the  weight  of  the  body 
is  usually  allowed  to  rest  on  one  leg,  while  the  other  lightly 
touches  the  ground  to  form  a  kind  of  stay,  and  relieve  the  muscles 
which  surround  the  supporting  ankle  from  too  great  an  effort  of 
balancing.  At  the  same  time  the  knee  is  extended,  and  the 
pelvis  becomes  somewhat  oblique,  so  as  to  bring  it  more  directly 
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over  the  head  of  the  femur.  In  ordinary  easy  standing,  the 
joints  are  not  usually  kept  locked  by  the  tension  of  the  ligament- 
ous structures,  but  their  position  is  constantly  being  very  slightly 
altered,  so  as  to  vary  the  muscles  employed  in  preserving  the 
balance  and  thus  prevent  fatigue. 

The  joints  most  exercised  in  the  erect  posture  are  the  follow- 
ing:— 

1.  The  ankle  has  to  support  the  weight  of  the  entire  body, 
while  the  joint  is  neither  flexed  nor  extended  to  its  utmost,  and 
cannot  be  fixed  in  this  position  by  ligamentous  arrangements. 
The  foot  being  placed  on  the  ground,  resting  on  the  heel  and  the 
balls  of  the  great  and  little  toes,  is  supported  in  an  arch-like  form 
by  strong  though  elastic  ligaments,  which  allow  but  little  motion 
in  the  numerous  joints.  The  bones  of  the  leg  can  move  in  the 
freest  way,  backward  or  forward,  over  the  articular  surface  of  the 
astragalus,  which  forms  the  roller  of  the  hinge,  lateral  motion 
being  prevented  by  the  malleoli.  The  line  passing  thrgugh  the 
centre  of  gravity  of  the  body  generally  falls  slightly  in  front  of 
the  axis  of  rotation  of  the  ankle  joint,  so  that  the  entire  body 
tends  to  fall  forward  at  the  ankles.  This  tendency  is  checked  by 
the  powerful  calf  muscles,  which,  attached  to  the  calcaneum  by 
means  of  the  strong  tendo-Achillis,  keep  the  parts  in  such  a 
position  that  an  exact  balance  is  almost  constantly  kept  up. 

2.  The  knee  joint,  when  completely  extended,  requires  no  mus- 
cular action  to  prevent  it  from  bending,  because  the  line  of 
gravity  then  passes  in  front  of  the  axis  of  rotation,  and  the 
weight  of  the  body  tends  to  bend  the  knee  backward.  This  is 
impossible,  on  account  of  the  strong  ligaments  which  exert  their 
traction  behind  the  axis  of  rotation.  As  a  rule,  these  ligaments 
are  not  put  on  the  stretch  in  this  way,  but  the  joint  is  held,  by 
muscular  power,  in  such  a  position  that  the  line  of  gravity  passes 
just  through,  or  very  slightly  behind,  the  axis  of  rotation  of  the 
joint,  so  that,  if  anything,  there  is  a  slight  tendency  for  the  knee 
to  bend.  This  is  completely  checked,  and  the  body  balanced, 
by  the  powerful  extensor  muscles  of  the  thigh. 

3.  In  the  hip  joints,  which  have  to  support  the  trunk  and  head, 
the  line  of  gravity  falls  just  behind  the  line  uniting  the  joints 
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when  the  person  is  perfectly  erect,  so  that  here  the  body  has  a 
tendency  to  fall  backward.  This  is  prevented  by  the  strong  ilio- 
femoral ligament.  When,  however,  the  knee  is  not  straightened 
to  the  full  extent,  so  that  the  line  of  gravity  passes  through  or  a 
little  behind  the  axis  of  rotation  of  that  joint,  then  the  pelvis  is 
very  slightly  flexed  on  the  femora,  so  that  the  axis  of  the  joints 
lies  exactly  in  or  a  little  behind  the  line  of  gravity,  and  thus  the 
body  inclines  rather  to  fall  forward.  This  tendency  is  prevented 
by  the  powerful  glutei  muscles,  which  also  enable  us  to  regain 
the  erect  posture  after  bending  the  trunk  forward. 

The  motions  of  which  the  pelvis  and  vertebral  column  are 
capable  are  too  slight  to  deserve  attention  here.  The  vertebral 
column,  wedged  in  as  it  is  between  the  two  innominate  bones, 
may  be  taken,  together  with  the  pelvis,  as  forming  a  very  yield- 
ing and  elastic,  but  practically  jointless  pillar,  the  upper  part  of 
which  can  alone  be  bent  to  such  an  extent  as  to  require  mention 
in  discussing  the  mechanism  of  station. 

The  individual  joints  between  the  cervical  vertebrce  permit  but 
a  slight  amount  of  movement  when  taken  separately,  but  by 
their  aggregate  motion  they  enable  considerable  extension  and 
flexion  of  the  neck  to  take  place.  These  motions  follow  so 
closely,  and  are  so  inseparably  associated  with  those  of  the  head 
on  the  upper  vertebra,  that  there  is  no  need  to  consider  them 
separately  from  the  latter. 

The  atlantO'Occipital joints  admit  of  some  little  lateral  movement, 
but  that  in  the  antero-posterior  direction  is  much  the  more  import- 
ant, but  even  this  would  be  insignificant  were  it  not  associated 
with  the  movements  between  the  other  cervical  vertebrae. 

The  cranium  has  then  to  be  balanced  on  the  top  of  a  flexible 
column,  and  rests  immediately  in  a  kind  of  socket,  which  can 
move  as  a  double  hinge  around  two  axes  at  right  angles  one  to 
the  other.  The  vertical  line  from  the  centre  of  gravity  of  the 
cranium  must  vary  with  every  forward,  backward,  or  lateral 
movement  of  the  head  or  neck,  but  in  the  erect  posture  it  passes 
a  little  in  front  of  the  axis  of  rotation  of  the  atlanto-occipital 
joint,  and  somewhat  behind  the  curve  of  the  cervical  vertebrae,  so 
that  the  head  may  be  said  to  be  poised  on  the  apex  of  the  verte- 
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bral  column,  with  some  tendency  to  fall  forward.  There  are  no 
ligamentous  structures  which  can  lock  the  joints  so  as  to  keep 
the  head  in  the  erect  position  ;  therefore,  without  the  aid  of  mus- 
cular force,  the  head  will  fall  forward  or  backward,  according 
to  the  position  it  may  be  in  when  the  muscles  suddenly  relax,  as 
happens  in  falling  asleep  in  an  upright  posture. 

From  the  foregoing  facts  it  will  be  seen  that  there  exists  a 
kind  of  coordinated  antagonism  at  work  in  ordinary  easy  stand- 
ing which  keeps  the  elastic,  pliable  body  upright,  without  the 
rigidity  adopted  when  standing  **at  attention.*'  The  muscular 
action  is  more  exercised  when  we  are  not  on  steady  ground,  and 
varied  coordination  becomes  necessary ;  for  instance,  when  we  go 
on  board  ship  for  the  first  time.  Standing  then  takes  some  little 
time  to  become  easy,  and  requires  new  associations  of  move- 
ment. The  gastrocnemius  and  soleus  relax  the  ankle  in  a  degree 
just  proportionate  to  the  amount  of  flexion  of  the  knee  permitted 
by  the  quadriceps  extensor  cruris,  while,  simultaneously,  the  great 
gluteal  muscle  allows  the  body  to  incline  forward  so  as  to  keep 
its  centre  of  gravity  in  the  proper  relation  to  the  basis  of  sup- 
port. 

WALKING  AND  RUNNING. 

Walking  is  accomplished  by  poising  the  weight  on  one  foot 
and  then  tilting  the  body  forward  with  the  other,  which  is  then 
swung  in  front  and  placed  on  the  ground  to  prevent  falling. 
These  acts  are  performed  alternately  by  each  leg,  so  that  the 
** swinging  limb*'  becomes  the  '* supporting  limb  "  of  the  next 
step.  The  swinging  leg  is  described  as  having  two  phases,  (i) 
active,  while  pushing  off  from  the  ground,  and  (2)  passive,  while 
swinging  forward  like  a  pendulum.  In  starting,  one  foot  is  placed 
behind  the  other,  so  that  the  line  of  gravity  lies  between  the 
two,  the  hindmost  limb  having  the  ankle  and  knee  a  little  bent. 
By  suddenly  straightening  these  joints  it  gives  a  *'push  off'*  with 
the  toes  and  propels  the  body  forward,  so  as  to  move  it  around 
the  axis  of  motion  of  the  fixed,  or  supporting  ankle  joint.  At 
the  end  of  the  swing,  the  pendulous  leg  comes  to  the  ground,  and 
leaves  the  other  limb  in  the  attitude  ready  for  the  push  off. 
Thus,  on  level  ground  walking  is  carried  on  with  but  small  mus- 
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cular  exercise ;  but  in  ascending  an  incline  or  going  up  stairs, 
the  supporting  limb  has  to  elevate  the  body  at  each  step  by 
extending  the  knee  and  ankle  joints  by  the  thigh  extensors  and 
the  calf  muscles. 

Running  is  distinguished  from  walking  by  the  fact  that,  while 
in  the  latter  both  feet  rest  on  the  ground  for  the  greater  part  of 
each  pace,  in  the  former  the  time  that  either  foot  rests  on  the 
ground  is  reduced  to  a  minimum,  and  the  body  can  never  be 
said  to  be  balanced  on  either  leg,  so  that,  in  fact,  there  is  no  longer 
a  **  support  limb.'*  The  legs  are  kept  in  a  semiflexed  position, 
ready  for  the  push  off  or  spring,  which  is  so  forcibly  carried  out 
that  the  body  is  propelled  through  the  air  without  any  support 
between  each  step,  and  has  a  constant  tendency  to  fall  forward. 
Thus,  an  interval  of  greater  or  less  duration,  according  to  the 
pace,  exists  during  which  both  the  feet  are  off  the  ground, 
because,  the  moment  either  foot  comes  to  the  ground,  it  at  once 
executes  a  new  spring  without  waiting  for  the  swing  of  the  other. 
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CHAPTER  XXVII. 

VOICE  AND  SPEECH. 

The  human  voice  is  produced  by  an  expiratory  blast  of  air 
being  forced  through  the  narrow  opening  at  the  top  of  the  wind- 
pipe, called  the  glottis.  This  glottis,  which  lies  in  the  lower  part 
of  the  larynx,  is  bounded  on  each  side  by  the  edges  of  thin,  elas- 
tic, membranous  folds  that  project  into  the  air  passages.  These 
membranous  folds,  called  the  vocal  cords,  are  set  vibrating  by 
the  current  of  air  from  below,  and  in  turn  communicate  their 
vibrations  to  the  air  in  the  air  passages  situated  above  them. 

ANATOMICAL  SKETCH. 

The  vocal  apparatus  produces  sound  in  the  same  manner  as  a 
musical  instrument  of  the  reed-pipe  variety.  If  we  compare  it 
with  the  pipe  of  an  organ,  we  find  all  the  parts  of  the  latter 
represented.  The  lungs  within  the  moving  thorax  act  as  the 
bellows.  The  bronchi  and  trachea  are  the  supply  pij)es  and  air 
box.  The  vocal  cords  are  the  vibrating  tongues ;  while  the  larynx, 
pharynx,  mouth  and  nose  act  as  the  accessory  or  resonating 
pipes.  The  blast  of  air  is  produced  and  regulated  by  the  respi- 
ratory muscles ;  and  special  intrinsic  muscles  of  the  larynx 
change  the  conditions  of  the  vocal  cords  so  as  to  alter  the  pitch 
of  the  notes  produced.  Other  sets  of  muscles,  by  altering  the 
conditions  of  the  resonating  pipes,  give  rise  to  many  modifications 
in  the  vocal  tones,  and  thus  produce  what  is  called  speech. 

The  larynx,  which  may  be  regarded  as  the  special  organ  of 
voice,  is  made  up  of  four  cartilages,  viz.,  the  cricoid,  thyroid  and 
two  arytenoids,  jointed  together  so  as  to  allow  of  considerable 
motion.  Of  these  the  inferior,  the  cricoid y  is  attached  to  the 
trachea,  which  it  joins  to  the  others.  It  forms  a  ring,  which  is 
thin  in  front,  but  deep  and  thick  behind,  owing  to  a  peculiar 
projection  upward  of  its  posterior  part.  The  thyroid  consists  of 
two  side  wings  so  bent  as  to  form  the  greater  part  of  the  anterior 
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and  lateral  boundaries  of  the  voice  box,  and  can  be  felt  easily  ii 
the  front  of  the  throat.  It  is  articulated  to  the  sides  of  the  cri 
coid  by  its  two  inferior  and  pos- 
terior extremities,  so  that  the  F'o-  'sc- 
upper part  of  the  cricoid  carti- 
lage can  move  backward  and 
forward.  The  arytenoiii  caxli- 
lages  are  little  three-sided  pyra- 
midal masses  placed  on  the 
upper  surface  of  the  posterior  l 
]jart  of  the  cricoid,  to  which 
they  are  attached  by  a  loose 
joint.  They  are  so  placed  that 
one  surface  looks  inward,  the 
second  backward,  and  the  third 
forward  and  outward,  while  the 
inferior  surface  rides  on  the 
cricoid.  One  point  looks  for- 
ward, and  to  it  is  attached  the 
vocal  cord  on  each  side,  hence 
it  has  been  called  the  vocal 
process.  The  apex,  which  looks_ 
outward  and   backward,  gives 

attachment  to  some  of  the  in-  Anierior  tuif  of  ■  iranmne  vcnrui  hcDoi 
trinsic  muscles,  and  hence  has 
been  called  the  muscular  pro- 
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The  thyroid  cartilage  is  con- 
nected with  the  cricoid  below, 
and  with  the  hyoid  bone  above 

by  ligaments  and  tough  membranes,  which  hold  the  parts 
together,  fill  in  the  intervals,  and  complete  the  skeleton  of  the 
larynx. 

The  vocal  cords  are  composed  of  small  strands  of  elastic  tissue, 
which  are  stretched  between  the  anterior  processes  of  the  aryte- 
noid cartilages  and  the  inferior  part  of  the  thyroid,  where  they 
are  attached  side  by  side  to  the  posterior  surface  of  the  angle 
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formed  by  the  junction  of  the  two  lateral  parts  or  alie  of  the  thy- 
ii  membrane  which  lines  the  larynx  Js  thin, 
and  closely  adherent  over  the  vocal  cords.  The 
surface  of  the  laryngeal  cavity  is  smooth  and 
even,  the  lining  membrane  passing  over  the 
cartilages  and  muscles  so  as  to  obliterate  all 
ridges  except  the  vocal  cords  and  two  others, 
less  sharjjly  defined,  called  the  false  voca!  cords, 
which  lie  parallel  to  and  above  the  true  vibrat- 
ing cords.  Between  these  is  the  cavity  known 
as  the  ventricle  of  the  larynx. 

MECHANISM  OF  VOCALIZATION. 
Shape  of  the  Opening  of  the  G/ot/is. —Taking 

the  thyroid  cartilage  as  the  fixed  base,  the  cri- 
coid and  arytenoid  cartilages  undergo  move- 
ments which  bring  about  two  distinct  sets  of 
changes  in  the  glottis  and  its  elastic  edges, 
namely,  (i)  widening  and  narrowing  the  open- 
ing; (2)  stretching  and  relaxing  of  the  vocal 
cords.  During  ordinary  respiration  the  glottis 
remains  about  half  o|)en,  being  slightly  wid- 
ened during  inspiration  (i/).  During  forced 
inspiration  the  glottis  is  widely  dilated  by  mus- 
cular action    (c").      If  an   irritating   gas  be 

ifie  ktvngoKupic  inspired,  the  glottis  is  tightly  closed  by  a  spas- 
view   of  ihi   larym,  "  .  ,  ,      "   , 

thawing    In    irann-modic  action  of  certain  miuscles,  SO  that  the  true 
Biiian  in  which  ihe  vocal  cords  Bct  OS  3.  kind  of  valve, 
aryienoid    cHiiiUiges      During  vocalizatiott  the  glottis  is  formed  into 
5uting^5?ftreni'  sc-  a  narrow  chink  with  parallel  sides  (a'),  while 

(ioH  of  the  Urynx-         ,1,1  , 

A',  vocni  ehinW,  nH  in  the  cords  are  made  more  or  less  tense,  accord- 
B^'inewy.  q"""  '"hii-  ing  to  the  pitch  of  the  notc  to  be  produccd ;  both 
C.""™<or"ed  injpin-  thcse  changes  arc  brought  about  by  muscular 
"""■  action. 

The  opening  of  the  chink  of  the  glottis  is  accomplished  chiefly 
by  a  mtwcle  called  the  posterior  crico-arytenoid,  which  passes 
from  the  posterior  surface  of  the  cricoid  cartilage  to  the  outer 
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and  posterior  angle  of  the  arytenoids.  By  pulling  the  latter 
point  downward  and  backward  it  separates  the  arytenoid  carti- 
lages, particularly  at  their  anterior  extremity,  where  the  cords 
are  attached.  In  this  action  it  is  aided  by  a  small  muscle  con- 
necting the  posterior  surfaces  of  the  arytenoid,  namely,  the  pos- 
terior arytenoid,  which  tends,  when  the  two  arytenoid  cartilages 
are  held  ajiart,  to  rotate  them,  so  that  the  vocal  processes  are 
separated. 

Fic.  198.  Fio.  i;9. 
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The  narrowing  of  the  glottis  is  executed  by  the  lateral  crico- 
arytenoids which  run  upward  and  backward  from  the  antero- 
lateral asi)ect  of  the  cricoid  to  the  muscular  processes  of  the 
arytenoid  cartilages.  They  pull  the  muscular  processes  forward, 
and  thus  rotate  the  arytenoid  cartilages  so  as  to  approximate  the 
vocal  processes  to  one  another,  while  any  tendency  toward  pull- 
ing apart  the  bodies  of  (he  cartilages,  owing  to  the  downward 
direction  of  the  muscle,  is  overcome  by  the  posterior  arytenoid 
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muscle  and  those  muscular  bands  which  pass  from  the  posterior 
surface  of  the  arytenoid  cartilages  to  the  epiglottis  and  the 
upper  part  of  the  thyroid  cartilage,  the  external  thyro-arytenoid, 
and  the  thyro-ary-epiglottic  muscles  (Henle).  The  other  fibres, 
which  pass  directly  from  the  arytenoid  to  the  th)rroid  cartilages 
— internal  and  external  thyro-arytenoid  muscles — in  the  same 
direction  as  the  vocal  cords,  complete  the  closure  by  helping  to 
press  together  the  vocal  processes,  and  by  approximating  the 
cords  themselves.  In  spasmodic  closure  of  the  glottis,  all  these 
latter  muscles  act  violently  together,  and  have  been  grouped  by 
Henle  as  the  constrictor  of  the  glottis. 

Relaxation  of  the  vocal  cords  accompanies  voluntary  closure 
of  the  glottis,  as  in  holding  the  breath,  when  the  false  vocal 
cords  are  said  to  have  a  valvular  action.  The  muscular  fibres 
which  nm  from  the  arytenoid  cartilages  tb  the  thyroid,  nearly 
parallel  to  the  true  vocal  cords,  are  those  concerned  in  the  act  of 
relaxation  when  the  cords  are  active.  They  pull  forward  the 
arytenoid  cartilages,  and  at  the  same  time  draw  the  upper  part 
of  the  cricoid  slightly  forward.  These  muscles  have  the  all- 
important  action  of  adapting  the  edges  of  the  cords  and  the 
neighboring  surfaces  to  the  exact  shape  most  advantageous  to 
their  vibration. 

The  tightening  of  the  vocal  cords  is  caused  by  a  single  muscle, 
the  crico- thyroid,  which,  on  the  outer  side  of  the  larynx,  passes 
downward  and  forward  from  the  lower  part  of  the  thyroid  to  the 
anterior  part  of  the  cricoid  cartilage.  It  pulls  the  anterior  part 
of  the  cricoid  cartilage  upward,  causing  it  to  rotate  round  an 
axis  passing  through  its  thyroid  joints.  The  upper. part  of  the 
cricoid,  which  carries  the  arytenoids,  moves  backward,  the  attach- 
ments of  the  vocal  cords  are  separated,  and  the  membranes  are 
thus  put  on  the  stretch. 

The  requirements  necessary  for  the  production  of  voice  are 
the  following : — 

1.  Elasticity  of  the  vocal  cords  and  smoothness  of  their  edges ; 
freedom  from  all  surface  irregularity,  such  as  would  be  caused 
by  thick  mucus  adhering  to  them,  or  by  any  abnormality. 

2.  The  cords  must  be  very  accurately  adjusted,  and  closely  ap- 
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proximated  together,  so  that  they  almost  touch  evenly  through- 
out their  entire  length. 

3.  The  cords  must  be  held  in  a  certain  degree  of  tension ^  or 
their  vibration  cannot  produce  any  vocal  tone,  but  only  a  raucous 
noise. 

4.  The  air  must  be  propelled  through  the  glottis  by  deforced 
expiration.  The  normal  expiratory  current  is  too  gentle  to  give 
the  necessary  vibration.  After  the  operation  of  tracheotomy, 
the  air  escapes  through  the  abnormal  opening,  and  sufficient 
pressure  cannot  be  brought  to  bear  on  the  cords,  so  no  vocal 
sound. can  be  produced,  and  the  person  speaks  in  a  whisper, 
unless  the  exit  of  air  through  the  tracheotomy  tube  is  prevented 
by  placing  the  finger  temporarily  upon  the  opening. 

PROPERTIES  OF  THE  HUMAN  VOICE. 
In  the  voice  we  can  recognize  the  properties  noted  in  other 
kinds  of  sound.     These  are  quality,  pitch  and  intensity. 

1.  The  quality  of  vocal  sound  is  almost  endless  in  variety, 
as  is  shown  by  the  vocal  capabilities  of  different  individuals. 
The  quality  of  any  musical  sound  depends  upon  the  relative 
power  of  the  fundamental  tone,  and  of  the  overtones  that  accom- 
pany it.  The  less  the  fundamental  tone  is  disturbed  by  overtones, 
the  clearer  and  better  is  the  voice.  This  difference  in  quality  of 
the  human  voice  depends  upon  the  perfectness  of  the  elasticity, 
the  relation  of  thickness  to  length,  surface  smoothness,  and  other 
physical  conditions  of  the  cords  themselves,  and  the  exactitude 
with  which  the  muscles  can  adapt  the  surfaces.  For  singing 
well,  much  more  is  necessary  than  good  quality  of  tone,  which 
is  common  enough.  The  muscles  of  the  larynx,  thorax,  and 
mouth  must  all  be  educated  to  an  extraordinarily  high  degree. 

2.  The  pitch  of  the  notes  produced  in  the  larynx  depends 
upon — first,  the  absolute  length  of  the  vocal  cords.  This  varies 
with  age,  particularly  in  males,  whose  vocal  organs  undergo 
rapid  growth  at  puberty,  when  vocalization  is  uncertain  from  the 
rapid  changes  going  on  in  the  part;  hence  the  voice  is  said  to 
crack.  The  vocal  cords  of  women  have  been  found  by  measure- 
ment to  be  about  one-third  shorter  than  those  of  men,  and  people 
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with  tenor  voices  have  shorter  cords  than  basses  or  baritones. 
Secondly,  on  the  tension  of  the  cords :  the  tighter  the  vocal 
cords  are  drawn  by  the  crico-thyroid  muscles,  the  higher  the 
notes  produced ;  and  the  well-known  singer  Garcia  believed  he 
observed  with  the  laryngoscope  the  vocal  processes  so  tightly 
pressed  together  as  to  impede  the  vibration  of  the  posterior  part 
of  the  cords,  and  by  this  means  they  could  be  voluntarily 
shortened. 

3.  Intensity  or  loudness  of  the  voice  depends  on  the  strength 
of  the  current  of  air.  The  more  powerful  the  air  blast  the 
greater  the  amplitude  of  the  vibrations,  and  hence  the  greater 
the  sound  produced.  The  narrower  the  chink  of  the  glottis, 
and  the  tighter  the  parallel  cords  are  stretched,  the  less  is  the 
amount  of  air  and  the  weaker  is  the  blast  required  to  set  them 
vibrating ;  and  vice  versdj  the  looser  the  cords  and  the  wider 
apart  they  are,  the  greater  the  volume  and  the  force  of  the  air 
current  necessary  for  their  complete  vibration.  Hence  it  is  that 
an  intense  vibration  or  loud  note  can  be  produced  much  more 
easily  with  notes  of  a  high  pitch  than  with  very  low  notes,  and 
we  find  singers  choosing  for  their  telling  crescendo  some  note 
high  up  in  the  range  of  their  voice. 

The  human  voice,  including  every  kind,  extends  over  about 
three  and  a  half  octaves.  Of  this  wide  range  a  single  individual 
can  seldom  sing  more  than  two  octaves.  The  soprano,  alto,  tenor, 
and  bass  forming  a  descending  series,  the  range  of  each  one  of 
which  considerably  overlaps  the  next  in  the  scale. 

During  the  ordinary  vocal  sounds,  the  air,  both  in  the  resonat- 
ing tubes  above  the  larynx  and  in  the  windpipe  coming  from 
below,  is  set  vibrating,  so  that  the  trachea  and  bronchi  act  as 
resonators  as  well  as  the  pharynx,  mouth,  etc.  This  may  be 
recognized  by  placing  the  hand  on  the  thorax,  when  a  distinct 
vibration  is  communicated  from  the  chest  wall.  Such  tones  are, 
therefore,  spoken  of  as  chest  notes.  Besides  the  chest  tones  of 
the  ordinary  voice,  we  can  produce  notes  of  a  higher  pitch  and  a 
different  quality,  which  are  called  head  notes,  since  their  produc- 
tion is  not  accompanied  by  any  vibration  of  the  chest  wall.  The 
physical  contrivance  by  means  of  which  this  falsetto  voice  is 
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brought  about  is  not  very  clearly  made  out.  The  following  are 
the  more  probable  views  :  (i)  It  has  been  suggested  that  in 
falsetto  only  the  thin  edges  of  the  cord  vibrate,  the  internal 
thyro-arytenoid  muscles  keeping  the  base  of  the  cord  fixed  j 
while  with  chest  tones  a  greater  surface  of  the  cord  is  brought 
into  play.  (2)  The  cords  are  said  to  be  wider  apart  in  falsetto 
than  in  chest  notes,  and  hence  the  trachea,  etc. ,  ceases  to  act  as  a 
resonator.  (3)  Or  the  cords  may  be  arranged  so  that  only  one 
part  of  them,  the  anterior,  can  vibrate,  and  thus  they  act  as 
shortened  cords,  a  "stop"  being  placed  on  the  point  where  the 
vibrations  cease,  by  the  internal  thyro-arytenoid  muscle. 

The  production  of  a  falsetto  voice  is  distinctly  voluntary,  and 
is  probably  dependent  upon  some  muscular  action  in  immediate 
relation  to  the  cords,  for  it  is  always  associated  with  a  sensation 
of  muscular  exertion  in  the  larynx,  as  well  as  with  changes  that 
take  place  in  the  conformation  of  the  mouth  and  other  resonat- 
ing tubes. 

NERVOUS  MECHANISM  OF  VOICE. 

The  nervous  mechanism,  by  means  of  which  vocal  sounds  are 
produced,  is  among  the  most  complexly  coordinated  actions  that 
regulate  muscular  movements. 

Like  respiration,  vocalization  at  first  seems  a  simple  voluntary 
act,  sounds  of  various  kinds  being  produced  at  will  by  the  indi- 
vidual. No  doubt  the  respiratory  muscles,  which  work  the  bel- 
lows of  the  voice  organ,  are  under  the  control  of  the  will  so  long 
as  the  respiration  is  not  interfered  with.  The  mouth  and  throat 
muscles,  which  shape  the  resonating  tube,  are  also  voluntary. 
But  the  intrinsic  muscles  of  the  larynx  are  only  voluntary  in  a 
certain  sense,  while  in  another  they  are  distinctly  involuntary,  as 
may  be  seen  in  spasm  of  the  larynx ;  for  they  are,  in  part  at 
least,  controlled  by  impulses  which  arise  at  the  organ  of  hearing 
and  pass  to  some  coordinating  centre,  which  arranges  the  finer 
muscular  movements  necessary  to  produce  a  certain  note.  When 
we  sing  a  note  just  struck  on  a  musical  instrument,  we  set  the 
expiratory,  the  mouth,  and  the  special  vocalizing  muscles  in 
readiness,  by  a  voluntary  act,  for  the  proper  application  of  the 
air  blast ;  but  the  exact  tuning  of  the  vocal  cords  is  accomplished. 
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in  some  measure  at  least,  reflexly  by  impulses  arriving  from  the 
ear  at  a  special  coordinating  nervous  centre,  the  education  of 
which  is  in  advance  of  that  of  the  voluntary  centres,  and,  there- 
fore, can  only  be  controlled  by  the  latter  in  persons  specially 
educated  in  singing.  Some  persons  who  can  sing  a  given  note 
with  promptness  and  exactitude,  without  any  effort,  would  find 
much  difficulty  in  overcoming,  by  volition,  the  accuracy  of  this 
perfect  reflex  mechanism.  In  fact,  a  person  with  a  naturally 
**  good  ear  *'  finds  it  difficult  to  sing  out  of  tune,  even  if  he  try. 
Though  we  feel  that  we  have  command  over  the  pitch  of  the 
sounds  produced  in  the  larynx,  we  owe  much  of  our  accuracy  to 
the  aid  given  by  our  sound-appreciating  organs  and  the  nerve 
centres  in  connection  with  them. 

SPEECH. 

The  variations  in  vocal  sounds  which  give  rise  to  speech  are  not 
produced  in  the  larynx,  but  in  the  throat,  mouth  and  nose. 
When  unaccompanied  by  any  vocal  sound,  speech  only  gives  rise 
to  a  whisper ;  but  when  a  vocal  tone  is  at  the  same  time  produced, 
we  have  the  ordinary  loud  speaking.  Since  vocal  tones  can  only 
be  produced  by  expiration,  so  we  can  only  speak  aloud  by  means 
of  an  expiratory  current  of  air;  but  an  inspiratory  current  may 
be  made  to  give  rise  to  a  kind  of  whisper. 

Speech  is  composed  of  two  kinds  of  sounds,  in  one  of  which  the 
sounds  must  be  accompanied  by  a  vocal  tone,  and  are,  hence, 
called  "  vowels;  "  in  the  other  no  vocal  tone  is  necessary,  but 
changes  in  shape  take  place  in  the  resonating  chambers,  so  as  to 
give  rise  to  noises  called  consonants.  As  the  pronunciation  of 
the  consonants  is  always  accompanied  by  some  vowel  sound,  and 
as  the  difference  between  the  vowels  is  brought  about  by  changes 
in  the  shape  of  the  mouth,  the  distinction  between  the  two  sets 
of  sounds  is  rather  artificial  than  real. 

The  production  of  the  different  vowel  sounds  depends  upon 
such  a  change  being  brought  about  in  the  shape  of  the  mouth 
cavity  and  aperture,  that  a  resonator,  with  a  different  individual 
note,  is  formed  for  each  particular  word. 

The  sounds  called  consonants  are  caused  by  some  check  or 
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impediment  being  placed  in  the  course  of  the  blast  of  air  issuing 
from  the  air  passages.  They  may  be  classified,  according  to  the 
part  at  which  the  obstruction  occurs,  as  follows : — 

1.  Labials  J  when  the  narrowing  takes  place  at  the  lips,  as  in 
pronouncing  d,p,ff  v. 

2.  Dentals,  when  the  tongue  causes  the  obstruction  by  being 
pushed  against  the  hard  palate  or  the  teeth,  as  in  /,  d,  s,  I. 

3.  Gutturals,  when  the  posterior  part  of  the  tongue  moves 
toward  the  soft  palate  or  pharynx,  as  in  saying  k,  g,  gh,  ch,  r. 

Consonants  may  also  be  divided  into  different  groups,  accord- 
ing to  the  kind  of  movements  which  give  rise  to  them. 

1.  Explosives  are  produced  by  the  sudden  removal  of  the 
obstruction,  as  with/,  d,  k. 

2.  Aspirates  are  continuous  sounds  caused  by  the  passage  of  a 
current  of  air  through  a  narrow  opening,  which  may  be  at  the 
lips,  as  in/,  at  the  teeth  as  with  s,  or  at  the  throat  as  in  ch. 

3.  Resonants  are  the  sounds  requiring  some  resonance  of  the 
vocal  cords,  and  the  air  current  is  suddenly  checked  by  closure 
of  the  lips,  as  in  /;/,  or  the  dental  aperture  as  in  ai  or  ng. 

4.  Vibratory,  of  which  r  is  the  example,  requires  a  peculiar 
vibration  of  the  vocal  cords,  while  either  the  dental  or  the  gut- 
tural aperture  is  partially  closed. 


496  MANUAL  OF   PHYSIOLOGY. 


CHAPTER  XXVIII. 

GENERAL  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 

ANATOMICAL  SKETCH. 

The  nervous  system  includes  the  various  mechanisms  by  which 
the  distant  parts  of  the  body  are  kept  in  functional  relationship 
with  one  another.  By  it  the  condition  of  the  surroundings  and 
the  various  parts  of  the  body  are  communicated  to  a  central 
department  (cerebro-spinal  axis)  which  in  turn  regulates  and 
controls  the  activities  of  the  various  organs. 

It  is  made  up  of  two  varieties  of  tissue,  both  of  which  pos- 
sess special  vital  properties.  The  one,  nerve  fibres,  composed  of 
thread-like  strands  of  protoplasm,  connects  the  elements  of  the 
other,  nerve  corpuscles,  which  form  the  peripheral  or  central  ter- 
minals of  the  fibres.  Nerve  fibres  are  simply  special  conducting 
agents,  having  at  one  extremity  a  special  terminal,  or  nerve  cell, 
for  sending  impulses,  and  at  the  other  end  a  nerve  cell  for 
receiving  the  impulses.  These  terminal  organs,  between  which 
the  tierve  fibres  pass,  are  the  agents  which  determine  the  direc- 
tion in  which  the  impulse  is  to  travel  along  the  nerve.  The 
sending  organ  may  be  at  the  peripheral  end  of  the  nerve,  and 
the  receiver  in  the  nerve  centres,  as  in  the  case  of  an  ordi- 
nary cutaneous  nerve,  which  carries  impulses  from  the  skin  to 
the  brain ;  or  the  sending  organ  may  be  at  the  centre,  and  the 
receiving  organ  at  the  periphery,  as  in  the  case  of  the  nerves 
conveying  impulses  from  the  brain  to  the  muscles. 

The  former  kind  of  nerves  are  called  afferent,  carrying  cen- 
tripetal impulses,  and  the  latter  efferent,  carrying  centrifugal  im- 
pulses. Nerves  are  capable  of  carrying  impulses  in  either  direc- 
tion, as  has  been  proved  by  cutting  the  afferent  lingual  and  the 
efferent  hypoglossal  nerves,  and  causing  the  proximal  end  of  the 
former  to  unite  with  the  distal  end  of  the  latter,  which  is  dis- 
tributed to  the  muscles  of  the  tongue.  When  the  union  has 
taken  place,  a  stimulus  applied  to  the  upper  part  which  was  nor- 
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s  motor  impulses  to  the  muscles, 


mally  afferent,  or  sensory,  car 
/.  e.,  acts  as  an  efferent  nerve. 

Protoplasm,  though  not  formed  into  fibres,  can  conduct 
impulses,  as  is  seen  in  the  transmission  of  an  impulse  in  textures 
and  animals  which  seem  to  have  no  special  conducting  elements 
or  nerve  fibres.  Thus,  in  the  hydra  all  the  cells  act  as  nerves, 
and  in  the  higher  animals  an  impulse,  producing  a  wave  of 
contraction,  can  pass  from  one  muscle  cell  to  the  other  directly, 
as  is  seen  in  the  ureter,  or  in  the  heart  of  cold-blooded  animals. 


Highly-magnified  view  of  ihrte  r 


n  ihe  DwduLlary  Klu.<lh. 


The  only  essential  part  of  a  nervous  conductor  is  a  delicate 
protoplasmic  fibril.  Single,  thin,  thread-like  fibrils  are  found 
carrying  impulses  in  the  nerve  centres.  In  the  nerves  distributed 
about  the  body,  one  does  not  meet  these  single  protoplasmic 
threads  (except  where  the  fibrils  are  interwoven  to  form  terminal 
networks,  as  seen  in  the  cornea),  but  the  fibrils  are  clustered 
together  in  large  bundles,  so  as  to  make  one  nerve  fibre.  In  the 
peripheral  nerves  this  bundle  of  protoplasmic  fibrils  is  covered. 
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and  is  called  the  axis  cylinder  of  the  nerve  fibre.  In  some  nerve 
fibres  there  is  but  one  very  thin  transparent  covering,  termed  the 
primitive  sheath,  while  in  others  there  is  a  thick  layer  of  doubly- 
refracting  fluid  inside  the  primitive  sheath,  in  immediate  contact 
with  the  fibrils  of  the  axis  cylinder.  This  is  called  the  medullary 
sheath,  or  white  substance  of  Schwann,  because  its  peculiar  refrac- 
tive properties  make  it  look  white  when  viewed  in  a  direct  light. 
As  the  nerves  have  or  have  not  this  medullary  sheath,  they  have 
been  termed  "  white  "  or  **gray.'*  The  former  are  by  far  the 
most  plentiful,  since  they  make  up  the  greater  part  of  the  ordi- 
nary nerves,  while  the  gray  fibres  only  predominate  in  the  sympa- 
thetic nerve  and  its  ramifications,  and  parts  of  the  special  sense 
organs. 

An  ordinary  nerve,  then,  is  made  up  of  a  large  number  of 
fibres,  held  together  by  connective  tissue,  each  fibre  containing 
a  vast  number  of  fibrils  within  its  sheath. 

FUNCTIONAL  CLASSIFICATION. 

Nerve  fibres  may  be  classified,  according  to  their  function,  in 
the  following  way : — 

L  Afferent  Nerves,  which  bear  impulses  from  the  surface  to 
the  nervous  centres.     These  may  be  further  divided  into  : — 

(a)  Sensory  nerves,  when  the  impulse  they  convey  gives  rise  to 
a  '*  perception.'*  The  perceptions  may  be  the  special  sensations 
which  are  transmitted  from  the  organs  of  special  sense,  or  those 
of  general  sensation,  giving  rise  to  pleasure  or  pain. 

(^)  Excito-reflex  nerves  communicate  impulses  to  central  nerve 
elements,  and  give  rise  to  some  action,  without  exciting  mental 
perception.  Such  nerves  regulate  the  viscera.  According  to  the 
result  of  the  excitation  arising  from  their  impulse,  they  are 
termed  excito-motor,  excito-secretory,  and  excito-inhibitory,  etc. 

(r)  Mixed  nerves  act  as  sensory  and  reflex  nerves  ;  these  are  the 
most  numerous,  the  sensory  or  reflex  action  depending  upon  the 
condition  of  the  nerve  centres. 

IL  Efferent  Nerves,  which  carry  impulses  from  the  centres 
to  the  various  organs  throughout  the  body.  According  to  the 
effect  produced  by  their  excitation,  they  are  termed : — 
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(a)  Motor y  conveying  impulses  to  muscles  and  exciting  them  to 
contract. 

(/?)  Secretory,  the  stimulation  of  which  calls  forth  the  activity 
of  a  gland. 

{j)  Inhibitory,  when  they  check  or  prevent  some  activity  by 
the  impulses  which  they  carry. 

(5)  Vasomotor  nerves,  which  regulate  the  contraction  of  the 
muscular  coat  of  the  blood  vessels. 

(e)  Trophic,  thermic,  electric  nerves  are  also  to  be  named,  the 
two  former  being  of  doubtful  existence,  and  the  latter  being  only 
found  in  those  animals  which  are  capable  of  emitting  electric 
discharges,  such  as  electric  fishes. 

III.  Intercentral  Nerves  act  as  bonds  of  union  between 
the  several  ganglion  cells  of  the  nervous  centres,  which  are  con- 
nected, in  a  most  elaborate  manner,  one  with  the  other.  The 
terminals  of  these  fibres  are  possibly  both  receiving  and  direct- 
ing agents,  and  the  delicate  strands  of  protoplasm  communi- 
cating between  them  probably  convey  impulses  in  different 
directions,  but  of  this  we  can  have  no  definite  knowledge, 
although  such  a  supposition  would  aid  us  in  forming  a  mental 
picture  of  the  manner  in  which  the  wonderfully  complete  inter- 
central communications  are  accomplished. 

MODE  OF  INVESTIGATION. 

In  order  to  understand  the  functions  of  the  different  nerves  a 
knowledge  of  their  central  connections  and  their  peripheral  dis- 
tribution is  necessary.  But  anatomical  research,  unaided  by.  ex- 
perimental inquiry,  does  not  suffice  to  determine  their  function. 

The  procedure  adopted  in  testing  the  function  of  a  nerve  is  the 
following:  The  nerve  is  exposed  and  cut,  and  it  is  observed 
whether  there  be  any  loss  of  sensation  or  muscular  paralysis  in 
the  part  to  which  it  passes.  The  end  connected  with  the  centres 
is  spoken  of  as  the  central  or  proximal  end,  and  that  leading  to 
the  distribution  of  the  nerve  is  called  the  peripheral  or  distal 
end.  Each  of  these  cut  ends  is  then  stimulated,  and  the  results 
are  observed.  If  the  nerve  be  purely  motor,  stimulation  of  the 
proximal  end  will  yield  no  result,  but  when  the  distal  end  is 
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irritated,  movements  follow.  If,  on  the  other  hand,  it  be  a  sen- 
sory nerve,  stimulation  of  the  distal  end  gives  no  result,  and  that 
of  the  proximal  end  produces  signs  of  pain. 

CHEMISTRY  OF  NERVE  FIBRES. 

The  axis  cylinder  of  nerves  is  probably  composed,  as  already 
mentioned,  of  protoplasm ;  further  than  that  nothing  is  known 
of  its  chemical  properties.  The  medullary  sheath  yields  certain 
substances  which  are  related  to  the  fats,  and  can  be  extracted 
with  ether  and  chloroform.  Among  these  is  the  peculiar  com- 
pound nitrogenous  fat,  lecithin,  containing  phosphorus,  also 
cholesterin,  cerebin,  and  kreatin. 

ELECTRIC  PROPERTIES  OF  NERVES. 

Like  muscle,  nerves  may  be  regarded  as  having  a  state  of  rest 
and  a  state  of  activity,  but  the  two  states  are  not  obvious  in  the 
same  striking  way  as  they  are  in  muscle,  nor  do  we  know  much 
of  the  physical  properties  of  nerve.  While  at  rest,  however,  it 
shows  electric  phenomena  similar  to  those  which  have  already 
been  described  as  belonging  to  muscle  tissue.  These  electrical 
currents  are  contemporaneous  with  the  life  of  the  nerve,  and 
they  undergo  the  same  variation  as  occurs  in  muscle  when  the 
nerve  passes  into  the  active  state ;  that  is,  when  it  transmits  an 
impulse. 

The  so-called  natural  current  of  nerve  is  practically  the  same 
as  that  of  muscle,  passing  in  the  nerve  to  the  central  part  from  the 
cut  extremities  of  the  fibre ;  that  is  to  say,  the  current  passes 
through  the  galvanometer  from  the  electrode  leading  from  the  mid- 
dle of  the  nerve,  to  that  applied  to  the  extremity.  The  electro- 
motive force  of  a  small  nerve  is  much  less  than  that  of  a  muscle. 
In  a  frog's  .sciatic  it  has  been  estimated  to  be  0.02  of  a  Daniell 
cell.  The  natural  current  of  the  frog's  nerve  is  said  to  increase 
in  intensity  in  proportion  to  the  increase  in  temj^erature  up  to 
about  20°  C,  after  which  it  decreases. 

Experiments  on  nerve  currents  must  be  carried  on  with  all  the 
precautions  mentioned  in  speaking  of  muscle  currents,  and  with 
the  non-polarizable  electrodes  there  figured  (page  448). 
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THE  AtTIVE  STATE  OF  NERVE  FIBRES. 

Nerves  pass  into  a  state  of  activity  in  response  to  a  variety  of 

stimuli,  but  their  active  condition  cannot  be  readily  recognized, 

because  the  only  change  we  can  detect  in  the  nerve  is  that  which 

takes  place  in  the  electric  state.      If  it  be  connected  w^ith  its 

terminals,  we  learn  when  a  nerve  is  carrying  an  impulse  from 

the  results  occurring  in  them  on  stimulation.     In  the  case  of  an 

afferent  nerve,  we  get  evidence  of  a  sensation,  and  when  the 

nerve  is  efferent,  for  example,  bearing  impulses  from  the  centres 

to  the  muscles,  we  judge  of  the  state  of  activity  of  the  nerve  by 

the  muscle  contraction.     For  experimental  purposes  we  use  the 

nerve  and  the  muscle  of  a  frog.     This  nerve-muscle  preparation 

is  made  from  the  leg  of  a  frog :   the  sciatic  nerve  is  carefully 

prepared  from  the  thigh  and  abdominal  cavity  without  being 

dragged  or  squeezed,  and  the  gastrocnemius  is  separated  from  all 

its  attachments  except  that  to  the  femur,  about  two-thirds  of 

which  bone  is  left,  so  that  the  preparation  may  be  fixed  in  the 

clamp.     In  fact,  the  method  used  for  the  direct  stimulation  of 

muscle  is  also  employed  for  the  study  of  the  excitability  of  nerve 

fibres. 

NERVE  STIMULI. 

Besides, the  normal  physiological  impulse  which  comes  from 
the  cells  in  connection  with  the  nerve  fibres,  a  variety  of  stimuli 
may  excite  their  active  state.  These  nerve  stimuli  differ  little 
from  those  which  are  found  to  affect  muscle,  when  applied  directly 
to  that  tissue.     They  may  be  enumerated  as  follows : — 

1.  Mechanical  Stimulation, — Almost  any  mechanical  impulse, 
applied  to  any  part  of  a  nerve,  causes  its  excitation.  The  stimulus 
must  have  a  certain  degree  of  intensity,  and  definite,  though  it 
may  be  of  very  short  duration.  If  mechanical  stimuli  be  fre- 
quently applied  to  a  nerve  in  the  same  place,  the  irritability 
of  the  part  is  soon  destroyed ;  but  if  fresh  parts  of  the  nerves 
be  stimulated,  at  each  application  the  nerve  passes  into  a  state  of 
tetanus,  as  shown  by  the  contraction  of  the  muscle  to  which  it  is 
supplied. 

2.  Chemical  Stimulation, — Loss  of  water  by  the  tissue  of  the 
ijerve,  whether  this  be  caused  by  evaporation,  or  facilitated  with 
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blotting  paper,  exposure  over  sulphuric  acid,  or  the  addition  of 
solutions  of  high  density,  such  as  syrup,  glycerine,  or  strong  salt 
solution.  The  application  of  strong  metallic  salts  or  acids;  or 
alcohol  and  ether,  also  a  solution  of  bile  irritates  nerves ;  weak 
alkalies,  except  ammonia,  which  has  no  effect  on  nerve,  although 
it  acts  on  muscle  when  applied  directly  to  that  tissue. 

3.  Thertnic  stimulation  occurs  when  sudden  changes  are  brought 
about,  approaching  either  of  the  extreme  temperatures  at  which 
the  nerve  can  act;  /.  <?.,  near  5°  or  50°  C. 

4.  Electric  stimulation  is  by  far  the  most  important  for  physi- 
ologists, being  the  most  easily  applied  and  regulated,  and  the 
least  injurious  to  the  nerve  tissue.  As  was  mentioned  with  respect 
to  muscle,  any  sufficiently  rapid  change  of  intensity  in  an  electric 
current  passing  through  a  nerve  causes  the  molecular  changes  we 
call  excitation,  as  shown  by  the  muscle  contracting,  and  the 
natural  electric  currents  of  the  nerve  undergoing  variation.  The 
less  the  absolute  intensity  of  the  current,  the  greater  the  effect 
caused  by  any  given  change  in  intensity.  The  muscle  of  a  nerve- 
muscle  preparation  contracts,  when  a  weak  constant  current,  say 
from  a  single  small  Danicll  cell,  is  suddenly  allowed  to  pass 
through  the  nerve.  This  is  done  by  placing  a  part  of  the  nerve 
in  the  circuit,  which  is  made  complete,  by  closing  a  key,  when 
the  stimulation  is  to  be  applied.  This  form  of  stimulation  is 
called  a  making  shock.  While  the  current  is  allowed  to  i)ass 
through  the  nerve,  little  or  no  effect  is  produced,  if  the  battery  be 
quite  constant.  On  breaking  the  circuit,  by  opening  the  key, 
the  current  suddenly  ceases,  and  another  contraction  occurs; 
this  is  called  the  breaking  shock.  At  each  making  and  breaking 
of  the  constant  current,  a  stimulus  is  applied  to  the  nerve,  and 
transmitted  to  the  muscle,  and  it  has  been  found  that  a  weaker 
current  suffices  to  bring  about  a  contraction  when  applied  to  the 
nerve,  than  when  applied  directly  to  the  muscle. 

If  a  strong  constant  current  be  allowed  to  pass  through  a  con- 
siderable length  of  a  nerve  for  some  little  time,  and  the  circuit  be 
then  suddenly  broken,  instead  of  a  single  contraction,  tetanus  of 
the  muscle  results.  This  breaking  tetanus  (Ritter's  tetanus)  is  easily 
produced  when  the  positive  pole  or  anode  is  next  the  muscle. 
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Sometimes,  in  particular  conditions  of  the  nerve,  and  with  certain 
strengths  of  stimulation,  a  making  tetanus  also  occurs,  but  more 
rarely  and  only  when  the  negative  pole  is  next  the  muscle. 

When  a  constant  current,  such  as  we  get  directly  from  a 
Daniell  cell,  is  used,  that  part  of  the  nerve  between  the  stimu- 
lating points,  through  which  the  current  passes,  is  found  not  to  be 
equally  affected  throughout  its  entire  length,  but  one  single  point 
is  stimulated  whence  the  impulse  spreads.  This  point  may  be 
where  either  of  the  poles  is  in  contact  with  the  nerve  ;  and,  further, 
the  stimulus  starts  from  a  different  pole,  according  as  the  circuit 
is  made  or  broken.  With  a  making  shock  the  stimulation  takes 
place  at  the  negative  pole  or  cathode,  and  with  a  breaking  shock 
at  the  positive  pole  or  anode.  That  is  to  say,  the  point  where 
the  current  leaves  the  nerve  is  affected  at  the  make,  and  the 
point  where  the  current  enters  the  nerve  is  affected  at  the  break 
of  the  current. 

It  has  been  found  that,  other  things  being  equal,  the  making 
shock  is  a  more  powerful  stimulus  than  the  breaking  shock  ;  /.  e. , 
a  weak  current  will  sooner  cause  a  contraction  when  the  circuit 
is  made  than  when  it  is  broken. 

This  fact,  that  the  impulse  starts  from  the  anode  in  a  breaking 
shock,  is  proved  by  means  of  the  breaking  tetanus  just  alluded  to. 
It  has  been  found  that  when  the  anode  is  next  to  the  muscle  the 
breaking  tetanus  is  more  marked  and  lasts  longer  than  when  the 
anode  is  further  from  the  muscle  than  the  cathode.  When  the 
cathode  is  nearer  to  the  muscle  than  the  anode,  section  of  the  nerve 
between  these  points  during  stimulation  stops  the  contraction  at- 
once,  and  no  breaking  tetanus  occurs,  because  the  point  from 
which  the  stimulus  comes  is  cut  off  from  the  muscle.  Intra-polar 
section  has  no  effect  if  the  anode  be  next  the  muscle,  and  the 
tetanus  proceeds  in  a  normal  way,  because  the  active  pole 
remains  in  continuity  with  the  muscle.  That  the  stimulus 
occurs  at  the  cathode  in  makings,  current,  may  be  demonstrated 
by  the  fact  that  it  takes  a  certain  measurable  time  for  the 
impulse  to  travel  along  the  nerve.  If  the  cathode  be  placed  as 
far  as  possible  from  the  muscle  and  the  anode  quite  near  it,  the 
contraction  after  a  breaking  shock,  when  the  stimulus  starts  from 
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the  anode,  will  occur  sooner  than  that  which  follows  the  making 
shock  J  when  the  stimulus  starts  from  the  cathode  y  because  the 
impulse  has  a  less  distance  of  nerve  to  traverse  in  the  former 
case. 

In  most  experiments  on  nerve,  a  constant  current,  /.  e,,  one 
coming  directly  from  a  battery,  is  seldom  used,  because  there 
is  no  ready  means  of  regulating  or  varying  the  strength  of  the 
stimulation.  The  instantaneous  current  induced  in  one  coil  of 
w^ire — the  secondary  coil — by  the  making  or  breaking  of  a  cur- 
rent passing  through  another  coil — the  primary  coil — is  more 
effective  and  suitable  for  physiological  purposes.  It  must  be 
remembered,  however,  that  the  induced  current  is  both  a  rise 
and  fall  of  electric  current,  /.  e.y  a  make  and  break;  but 
the  duration  of  the  two  changes  is  so  small  {circa,  .00004") 
that  they  only  act  as  a  .single  stimulus.  As  there  is  no  current 
in  the  secondary  coil  while  a  constant  current  is  kept  passing 
through  the  primary,  of  course  the  induced  current  cannot  be 
used  for  experiments  relating  to  the  making  and  breaking 
shocks.  The  strength  of  the  induced  current  being  approxi- 
mately in  inverse  proportion  to  the  square  of  the  distance  between 
the  two  coils — moving  the  secondary  away  from  the  primary 
coil  gives  a  ready  means  of  varying  and  regulating  the  strength 
of  the  stimulus,  without  any  special  care  being  devoted  to  the 
exact  strength  of  the  element  used. 

Du  Bois-Reymond's  Inductorium  is  the  instrument  commonly 
used  in  physiological  laboratories.  In  it  the  secondary  coil  can 
be  moved  away  from  the  primary  on  a  graduated  slide,  and  the 
primary  current  may  be  made  to  pass  through  a  magnetic  inter- 
rupter so  as  to  cause  a  rapid  succession  of  breaks  and  makes,  and 
thus  give  a  series  of  stimulations,  one  after  another,  which  is 
necessary  to  produce  tetanus.  A  drawing  and  further  descrip- 
tion of  the  instrument  will  be  found  at  pages  453,  454. 

VELOCITY  OF  NERVE  FORCE. 

It  has  already  been  stated  that  nerve  fibres  are  capable  of 
conducting  impulses  in  either  direction— /n?w  or  to  the  nervous 
centres.     The   position   and   character  of  the  terminal  organs 
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determines  the  direction  in  which  the  nerve  impulse  usually  pro- 
duces results.  In  the  ordinary  peripheral  nerves  there  are  gen- 
erally both  kinds — efferent  and  afferent  fibres,  carrying  impulses 
in  different  directions. 

When  we  reflect  that  the  passage  of  an  impulse  along  a  nerve 
is  brought  about  by  a  molecular  change  in  the  axis  cylinder,  we 
are  at  once  struck  with  the  rapidity  with  which  impressions  are 
transmitted  from  one  part  of  the  body  to  another.  This  velocity 
is,  however,  only  relatively  great.  When  we  compare  it  with 
the  velocity  of  the  electric  current  or  of  light,  we  at  once  see  how 
much  slower  the  rate  of  nerve  impulse  is,  and  that  it  may  be 
compared  with  rates  of  motion  commonly  under  our  observation. 
To  take  every-day  examples — viz.,  nine  metres  per  second  is 
about  the  rate  at  which  a  quick  runner  can  accomplish  his  loo 
yards;  race  horses  can  gallop  about  15  metres  a  second  for  a 
mile  or  so  ;  a  mail  train  at  full  speed  travels  about  30  metres  a 
second,  and  the  velocity  of  nerve  force  has  been  estimated  to  be 
in  cold-blooded  animals  27  metres  per  second ;  and  in  man  about 
;^^  metres  per  second.  So  that  the  intercommunications  between 
man*s  brain  and  the  various  parts  of  his  body  only  travel  about 
the  same  rate  as  an  express  train,  and  about  twice  as  fast  as  the 
quickest  horse  can  gallop. 

Different  methods  may  be  employed  for  the  measurement  of  the 
rate  of  transmission  of  nerve  force.  The  simplest  is,  with  a  good 
myograph,  such  as  described  in  Chap,  xxv,  p.  462,  to  make  a 
muscle  draw  two  curves,  one  over  the  other,  in  one  of  which  the 
stimulation  is  applied  to  the  nerve  close  to  the  muscle,  and  in  the 
other  as  far  as  possible  away  from  it.  The  difference  in  dura- 
tion of  the  latent  period  in  the  two  curves,  shown  by  the  tuning- 
fork  tracing,  corresponds  to  the  time  taken  by  the  impulse  to 
travel  along  the  part  of  the  nerve  between  the  two  points  of 
stimulation,  the  length  of  which  can  be  directly  measured ;  and 
hence  the  velocity  of  the  impulse  estimated. 

Utilizing  the  fact  that  the  extent  of  the  deflection  of  the 
needle  of  a  galvanometer  is  in  proportion  to  the  duration  of  a 
current  of  known  strength  passing  through  it  for  a  short  time, 
an  accurate  measurement  of  the  difference  in  time  of  remote 
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and  near  stimulation  of  a  nerve  may  be  made.  By  a  special 
mechanism  the  time-measuring  current  is  sent  through  the  gal- 
vanometer at  the  same  moment  that  the  stimulating  current  goes 
through  the  nerve,  and  the  instant  the  muscle  begins  to  contract, 
it  breaks  the  current  passing  through  the  galvanometer,  so  that 
this  time-measuring  current  lasts  only  from  the  moment  when  the 
nerve  is  stimulated  until  the  muscle  begins  to  contract. 

THE  ELECTRIC  CHANGE  IN  NERVE. 

Negative  Variation. — The  natural  current  of  a  nerve,  like  that 
of  muscle,  undergoes  a  diminution  at  the  moment  the  nerve  is 
stimulated  ;  this  is  termed  the  negative  variation.  It  occurs  with 
any  other  form  of  stimulation  as  well  as  when  an  electric  shock 
is  used,  so  it  is  not  dependent  on  an  escape  of  the  stimulating 
current.  In  the  case  of  a  single  stimulation,  the  negative  varia- 
tion is  so  rapidly  over — lasting  only  .0005  sec,  that  the  inertia 
of  the  needle  of  the  galvanometer  prevents  the  change  in  the 
current  being  indicated.  In  tetanus,  however,  it  makes  a  decided 
impression  on  the  galvanometric  needle.  The  strength  of  the 
negative  variation  depends  on  the  condition  of  the  nerve  and  the 
strength  of  the  stimulus;  being  stronger  when  the  nerve  is  fresh 
and  irritable  and  has  a  good  natural  current,  and  when  a  strong 
stimulus  is  applied. 

The  negative  variation  of  the  natural  currents  passes  along 
the  nerve  from  the  point  of  stimulation  in  both  directions,  just 
as  does  the  nerve  impulse  ;  and  with  a  galvanometer  the  electric 
change  may  be  traced  from  the  nerve  to  the  muscle.  It  has  also 
been  shown  that  the  negative  variation  travels  along  the  nerve 
at  the  same  velocity  as  the  impulse;  namely,  about  27  metres 
per  second.  Further,  this  rate  is  said  to  be  influenced  in  the 
same  way  by  the  passage  of  a  constant  current  through  the  nerve 
(to  be  presently  described)  as  is  the  impulse  derived  from 
stimulus.  These  points  seem  to  lead  to  the  belief  that  the  nerve 
impulse  and  the  negative  variation  are  closely  related.  ITiis 
peculiar  electric  change  and  its  accompanying  impulse  pass 
along  the  nerves  as  a  kind  of  wave  of  activity,  the  speed  and 
duration  of  which  we  know  to  be  27  metres  per  sec.  and  .0005 
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of  a  sec.  respectively  ;  the  length  of  the  wave  we  therefore  cal- 
culate to  be  about  i8  millimetres. 

ELECTROTONUS. 
If  one  of  two  wires  leading  to  a  galvanometer  be  applied 
to  the  centre,  and  the  other  to  Jhe  end  of  a  nerve,  so  as  to  indi- 
cate the  natural  current,  and  at  the  same  time  another  part  of 
the  nerve  be  placed  in  the  circuit  of  a  constant  current  from  a 
battery,  when  the  circuit  of  the  constant  (now  called  polarizing) 
current  is  completed,  a  change  is  found  to  take  place  in  the 
natural  current.     This   is   called    eUctrolenus.     Instead   of  the 
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natural  currents  from  the  centre  to  the  end  of  the  nerve,  a  cur- 
rent is  found  to  pass  through  the  entire  length  of  the  nerve  in 
the  same  direction  as  the  polarizing  current  from  the  battery. 
This  electrotonic  current  is  not  proportional  to  the  strength  of 
the  natural  currents,  and  is  to  be  recognized  when  the  latter  are 
no  longer  to  be  found.  It  is  stronger  with  a  strong  polarizing 
current,  and  is  most  marked  in  the  immediate  neighborhood  of 
the  poles,  fading  gradually  away  as  one  passes  to  the  remoter 
parts  of  the  nerve.  The  electrotonic  state  is  not  to  be  attributed 
to  an  escape  of  the  constant  polarizing  current,  because  it  decreases 
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gradually  with  the  waning  of  the  physiological  activity  of  the 
nerve,  and  ceases  at  the  death  of  the  nerve  long  before  the 
tissue  has  lost  its  i)ower  of  conducting  electric  currents.  It 
has  been  shown  that  a  ligature  applied  to  the  nerve  so  as  to 
destroy  its  physiological  continuity,  but  not  its  power  of  carry- 
ing electric  currents,  prevents  the  passage  of  the  electrotonic 
current  to  the  part  of  the  nerve  which  is  thus  separated. 

The  condition  of  the  portion  of  the  nerve  near  the  anode  is 
found  to  differ  somewhat  from  that  near  the  cathode,  and  hence 
it  is  found  convenient  to  speak  of  the  region  of  the  anode  being 
in  the  anelectroionic,  and  that  of  the  cathode  being  in  the  catelec- 
irotonic  condition.  A  certain  time  appears  to  be  required  for  the 
production  of  electrotonus ;  in  a  current  of  less  duration  than 
.0015  of  a  second  we  are  unable  to  detect  the  electrotonic  state. 
The  negative  variation  must,  therefore,  have  passed  away  before 
the  electrotonus  has  commenced. 

IRRITABILITY  OF  NERVE  FIBRES. 

The  irritability  of  nerves  varies  according  to  certain  conditions 
and  circumstances.  While  uninjured  in  the  body,  the  irritability 
of  a  nerve  depends  upon — 

1.  A  supply  of  blood  sufficient  to  supply  nutriment,  and  to 
carry  off  any  injurious  effete  matters  that  may  be  produced  by 
its  molecular  changes. 

2.  A  suitable  amount  of  rest.  Prolonged  activity  causes  fatigue 
and  loss  of  irritability,  no  doubt  from  the  same  causes  mentioned 
as  bringing  about  fatigue  in  muscles.  The  chemical  changes 
taking  place  in  nerves  have  not  yet,  however,  been  made  out 
with  any  degree  of  accuracy. 

3.  Uninjured  connection  with  the  nerve  centres.  When  a  spinal 
nerve  is  cut,  the  part  connected  with  the  periphery  rapidly  under- 
goes degenerative  changes  which  seem  to  depend  upon  faulty 
nutrition,  since  they  are  accompanied  by  structural  changes — 
fatty  degeneration.  This  appears  to  commence  in  a  very  short  time 
after  the  section— often  in  about  three  to  five  days.  The  part  of 
the  nerve  remaining  in  direct  connection  with  the  cord  retains 
its  irritability  for  a  very  much  longer  time. 
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In  the  artificial  stimulation,  by  means  of  electric  shocks  applied 
to  the  nerve  of  a  cold-blooded  animal,  there  are  many  minor  con- 
ditions which  have  considerable  influence  on  the  irritability,  as 
evidenced  by  the  response  given  by  the  attached  muscle  to  weak 
stimuli.     The  more  important  of  these  are  : — 

I.  Temperature  changes.  In  the  case  of  a  frog's  nerve,  a  rise 
of  temperature  to  32°  C.  causes  an  increase  in  its  excitability. 
Also  a  fall  of  temperature  below  zero  tends  to  make  the  nerve 
more  easily  excited.  Both  these  conditions  have,  however,  a  very 
fleeting  effect,  for  the  nerve  soon  dies  at  the  temperatures  named, 
and,  probably,  the  increased  irritability  is  only  to  be  taken  as  a 
sign  of  approaching  death.  It  thus  appears  that  a  medium  tem- 
perature is  the  optimum  for  nerve  work. 

Fig.  203. 


Diagram  illustrating  the  variations  of  irritability  of  different  parts  of  a  nerve  during  the 
passage  of  polarizing  currents  of  varying  strength  through  a  portion  of  it. 

A  —  Anode  ;  B  —  Cathode ;  AB  —  Intra-polar  district ;  y^  —  Effect  of  weak  current ;  ^  — 
Effect  of  meduim  current ;  ^  —  Effect  of  strong  current. 

The  degree  of  change  effected  in  the  irritability  of  the  part  is  estimated  by  the  distance 
of  the  curves  from  the  straight  line.  The  part  of  curve  below  the  line  corresponds  to 
d' crease,  that  above  to  increase  of  irritability.  Where  the  curves  cross  the  line  is  called 
the  indifferent  point.  With  strong  currents  this  approaches  the  cathode.  {From  Foster, 
a/ler  P/fUger.) 


2.  Ths  part  of  the  nerve  stimulated  is  also  said  to  have  some 
effect  on  the  result  of  a  given  strength  of  stimulus.  The  further 
from  the  muscle,  the  more  powerful  the  contraction  produced, 
other  things  being  equal.  So  that  the  impulse  is  supposed  to 
gather  force  as  it  goes,  as  in  the  case  of  a  falling  body,  and  hence 
has  been  spoken  of  as  the  avalanche  action  of  nerve  impulse. 

3.  A  neuf  section  of  the  nerve  is  said  to  increase  its  irritability, 
as  does,  indeed,  any  slightly  stimulating  influence,  such  as  dry- 
ing, and  chemical  or  mechanical  meddling  of  any  kind.     This 
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increase  in  irritability  probably  depends  upon  injurious  changes 
going  on  in  the  nerve,  as  the  influences  just  alluded  to  lead  to 
complete  loss  of  excitability,  if  carried  too  far. 

4.  Hht  eiectrotonic  staie.  The  most  remarkable  changes  in  the 
excitability  of  a  nerve  are  those  brought  about  by  the  action  of 
a  constant  current  passing  through  the  nerve,  so  as  to  set  up  the 
conditions  just  described  as  anelectrotonus  and  ccUelectrotonus. 

Fig.  904. 


Diagram  to  show  the  meaning  of  the  terms  ascending  and  descending  currents,  used  in 

speaking  of  the  law  of  contraction.    The  end  of  the  vertebral  column,  sciatic  nerves  and 

calf  muscles  of  a  frog  are  shown. 
The  arrows  indicate  the  direction  of  the  ascending  current^  A,  on  ikeU/tf  and  the  descend' 

ing  current^  D,  on  the  right,  according  as  the  positive  pole  of  the  battery,  C,  is  below  or 

above. 


The  irritability  of  the  nerve  is  increased  in  the  region  near  the 
cathode,  and  is  diminished  in  the  neighborhood  of  the  anode. 

The  increase  of  irritability  is  in  proportion  to  the  intensity  of 
the  catelectrotonic  and  the  decrease  in  proportion  to  the  intensity 
of  the  anelectrotonic  state.     Thus,  the  increase  is  most  marked 
in  the  immediate  neighborhood  of  the  cathode,  and  fades  with 
the  distance  from  the  negative  pole  ;  and  similarly,  the  decrease 
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is  Strongest  at  the  anode,  and  becomes  less  and  less  as  it  passes 
away  from  the  positive  pole.  In  the  same  way,  in  the  pxart  of  the 
nerve  between  the  two  poles — the  intra-polar  region — the  decrease 
and  increase  of  irritability  become  less  marked  toward  the  middle 
point  between  the  cathode  and  the  anode,  so  that  here  we  find  an 
unaffected  part,  which  has  been  called  the  indifferent  point. 

It  is  a  remarkable  fact  that  this  indifferent  point  is  not  always 
midway  between  the  two  poles,  but  decreases  its  distance  from  the 
cathode  in  proportion  as  the  polarizing  current  is  made  stronger. 
That  is  to  say,  with  strong  polarizing  currents  the  indifferent 
point  is  near  the  cathode  (b)  ;  with  weak  currents  it  lies  near 
the  anode  (a)  (Fig.  203). 

Besides  becoming  less  irritable  in  proportion  as  the  polarizing 
current  becomes  more  powerful,  the  anelectrotonic  region  of  the 
nerve  loses  its  ability  to  conduct  impulses,  and  may  finally,  with 
a  very  strong  current,  even  when  applied  for  a  short  time, 
become  quite  incapable  of  conducting  an  impulse. 

If  the  polarizing  current  be  now  opened,  so  as  to  stop  its  pass- 
age through  the  nerve,  and  remove  the  anelectrotonic  and  the 
catelectrotonic  states,  a  kind  of  rebound  occurs  in  the  condition 
of  both  the  altered  regions,  and  the  part  which  has  just  ceased 
to  be  catelectrotonic,  and  was,  therefore,  over-irritable,  becomes, 
by  a  kind  of  negative  modification,  very  much  lowered  in  its 
irritability;  while,  on  the  other  hand,  the  anelectrotonic  part, 
by  a  positive  rebound,  becomes  more  excitable  than  in  its  normal 
state.  The  rebound  over  the  line  of  normal  irritability  lasts 
a  very  short  time ;  but  as  we  shall  see  presently,  it  is  of  greater 
duration  than  the  passage  of  the  negative  variation  along  the 

nerve. 

THE  LAW  OF  CONTRACTION. 

Upon  the  foregoing  facts,  and  others  already  mentioned — viz., 
that  the  impulse  starts  in  the  nerve  from  different  poles  and  with 
different  force,  with  a  making  and  a  breaking  shock — depends 
the  law  of  contraction,  which  would  be  difficult  to  understand 
without  bearing  in  mind  all  these  interesting  points. 

It  was  found  that,  w^ith  the  same  strength  of  stimulation,  not 
only  were  different  degrees  of  contraction  produced  with  making 
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and  breaking  shocks,  but  also  that,  other  things  being  similar,  a 
different  result  followed  when  the  current  was  sent  through  the 
nerve  in  an  upward  direction  (/.  ^.,  from  the  muscle),  and  when 
it  was  sent  in  a  downward  direction  (/.  ^.,  toward  the  muscle). 
The  stimulating  current  is  spoken  of,  in  the  former  case,  as  an 
ascending  current ^  and  in  the  latter  as  a  descending  current. 
The  follow^ing  is  a  tabular  view  of  the  law  of  contraction  : — 


Weak  Stimulation. 
Medium        " 
Strong  " 


AscRNDiNG  Currents. 


Make  =  Contraction. 
Break  <—  No  Response. 


Make  »-  Contraction. 
Break  —  Contraction. 


Make  —  No  Response. 
Break  '=->  Contraction. 


Dbscbnding  Currrmts. 


Make  —  Contraction. 
Break  »  No  Response. 


Make  <«  Contraction. 
Break  —  Contraction. 


Make  >■  Contraction. 
Break  — ■  No  Response. 


To  explain  this  law,  the  following  points  must  be  kept  in 
view: — 

1 .  In  a  breaking  shock,  it  is  the  disappearance  of  anelectrotonus 

which  causes  the  stimulation  to  start  from  the  anode. 

2.  In  a  making  shock,  it  is  the  appearance  of  catelectrotonus 

which  causes  the  stimulation  to  start  from  the  cathode. 

3.  With  the  same  current  the  make  is  more  powerful  than  the 

break, 

4.  Anelectrotonus  causes  reduction  of  irritability  and  conduc- 

tivity of  the  nerve. 

5.  Catelectrotonus  causes  increase  of  irritability  and  conduc- 

tivity of  the  nerve. 

6.  With  ascending  currents  the  part  of  the  nerve  next  the 

muscle  is  in  a  state  of  reduced  functional  activity  (anelec- 
trotonus). 

7.  With  descending  currents  the  part  of  the  nerve  next  the 

muscle  is  in  a  state  of  exalted  activity  (catelectrotonus). 

8.  The  reduction  or  exaltation  of  activity  is  much  greater  with 

strong  currents. 
That  only  making  shocks  cause  contraction  with  very  weak 
currents,  simply  depends  on  the  greater  efficacy  of  the  entrance  of 
catelectrotonus  into  the  nerve,which  causes  the  makingstimulation. 
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That  contraction  follows  in  all  four  cases,  with  medium  stimu- 
lation,  is  explained  by  assuming  that  the  depression  of  the 
functional  activity  of  the  nerve  is  not  sufficient  to  affect  its 
conductivity. 

The  want  of  response  to  a  making  shock,  in  the  case  of  the 
strong  descending  current,  depends  upon  the  fact  that  the  part 
of  the  nerve  near  the  muscle,  around  the  anode,  is  in  a  state  of 
lowered  activity,  and  is,  therefore,  unable  to  conduct  the  impulse 
which  has  to  pass  through  this  region  from  the  cathode,  where 
the  stimulation  takes  place,  in  order  to  reach  the  muscle. 

The  absence  of  contraction  at  the  breaking  of  a  strong 
descending  current,  is  caused  by  the  same  lowering  of  the  con- 
ductivity of  the  nerve  between  the  point  of  stimulation  and  the 
muscle,  because  at  the  cessation  of  strong  catelectrotonus,  the 
region  near  the  cathode  rebounds  from  exalted  to  depressed 
activity,  and  at  the  moment  of  stimulation  the  greater  part  of 
the  intra-polar  region  is  anelectrotonic. 

The  special  function  of  nerve  fibres  may  be  briefly  stated  to 
be  their  power  of  rapidly  intercommunicating  between  distant 
parts.  The  axis  cylinder  has  undergone  a  special  development, 
by  which  it  is  enabled  to  conduct  impulses  much  more  quickly 
than  ordinary  protoplasm.  Each  muscle  tissue  transmits  im- 
pulses about  thirty  times  more  slowly  than  a  nerve  fibre.  A 
highly-organized  animal  body,  without  nerve  fibres,  would  be  in 
a  worse  condition  than  a  highly-organized  state  without  a  tele- 
graphic or  even  a  postal  system. 

NERVE  CORPUSCLES  OR  TERMINALS. 

These  are  the  real  actors  in  the  nerve  operations,  while  the 
fibres  are  merely  their  means  of  communicating  with  one  another. 
One  set  of  terminals  is  placed  on  the  surface  of  the  body  and  is 
adapted  to  the  reception  of  the  various  external  influences  which 
are  brought  to  bear  on  it  from  without  by  its  surroundings. 
These  receivers  of  extrinsic  stimuH  are  necessarily  much  varied, 
so  as  to  be  capable  of  appreciating  all  the  different  kinds  of 
stimulation  presented  to  them.  They  are  either  distributed  over 
the  entire  surface  so  as  to  meet  with  general  mechanical  and 
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thermic  changes,  or  they  are  further  specialized  for  the  reception 
of  luminous,  sonorous,  odorous  or  gustatory  impulses.  In  the 
latter  cases  the  special  terminals  are  collected  into  one  part,  and 
form  complex  organs,  which  will  be  described  presently  in  the 
chapters  on  the  special  senses. 

Another  set  of  terminals  is  placed  in  the  deeper  textures, 
where  they  act  as  local  distributing  agents;  such  as  the  nerve 
plates  on  skeletal  muscles,  and  the  ganglionic  networks  in  the 
wall  of  the  intestine.  In  many  instances,  however,  the  exact 
mode  of  connection  between  the  nerve  and  the  protoplasm  of 
the  tissue  elements,  to  which  it  bears  impulses,  has  not  been  sat- 
isfactorily made  out.  In  the  remaining  class  of  nerve  terminals 
the  cells  are  grou|>ed  together  so  as  to  form  larger  and  smaller 


colonies,  and  more  definitely  deserve  the  name  of  nerve  or  gan- 
glion cells.  These  are  the  central  terminals,  and  are  placed 
either  in  the  cerebro-spina!  axis,  or  in  swellings  of  the  nerves 
called  sporadic  ganglia. 

Of  these  nerve  cells  there  are  many  varieties,  all  of  which 
have  the  following  characteristics.  The  cellsareof  considerable 
size  and  have  processes  branching  off  from  them,  by  means  of 
which  they  communicate  with  the  nerve  fibres.  These  processes 
may  be  single  or  many,  hence  they  are  s|X}ken  of  as  uni-,  bl-,  or 
multi-jKJlar  cells,  etc.  The  nucleus  is  commonly  very  distinct, 
and  contains  a  well-marked  nucleolus.  The  abundant  proto- 
pla.sm,  which  is  usually  contained  in  a  delicate  cell  wall,  is  in 
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direct  connection  with  the  axis  cylinder  of  the  nerve  fibres,  with 
which  it  communicates  by  means  of  thin  strands  of  protopiasm 
that  pass  out  from  the  cell  by  the  processes.  A  delicate  striation 
of  the  protoplasm  may  sometimes  be  recognized,  indicating  the 
couree  of  the  nerve  fibrils  as  they  run  into  the  cells  from  the 


MulHpobr  cells  final  the  anterior  nay  coluinn  oT  the  tr^niil  cord  of  the  dos-fith  {»} 
lying  in  a  leilun  ef  fibtili;  (»)  prajonjation  rrem  cetli;   (0  ncrye  fibto  cut  aciou. 

THE  FUNCTIONS  OF  NERVE  CELLS. 

Any  mass  of  living  protoplasm,  such  as  an  amceba,  can  receive 
extrinsic  stimuli,  which  affect  directly  its  conditions,  and  though 
the  impression  may  be  very  localized  in  its  application,  yet  all 
the  parts  of  the  cell  participate  in  the  sensation,  and  probably 
take  part  in  the  resulting  movements. 

Besides  those  acts  of  which  we  can  recognize  the  cause,  many 
others  occur  in  amcebas  which  we  are  not  able  to  trace  to  any 
definite  cause  other  than  the  energies  derived  from  its  special 
powers  of  assimilation.  We  say  that  not  only  can  an  amoeba 
feel  local  stimulation,  transmit  the  impulse  to  remoter  parts  of 
its  body,  and  respond  by  movement  to  the  stimulus,  but  it  can 
also  initiaU  impulses  which  appear  as  motions,  etc.,  as  the  result 
of  intrinsic  processes  of  a  chemical  nature.     We  may  conclude 
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from  this  fact  alone  that  automatic  action  is  one  of  the  proper- 
ties of  protoplasm  derived  from  its  proper  chemical  activities. 

In  the  nerve  centres  of  all  the  more  complex  animals  we  find 
that  each  of  these  kinds  of  action  is  distributed  to  different  varie- 
ties of  cells,  and  thus  an  important  division  of  labor  takes  place. 
The  first  act  is  performed  by  a  wonderfully  elaborate  set  of 
special  organs  adapted  to  the  reception  of  the  various  extrinsic 
impulses  or  sensations  from  without.  The  excitation  is  then  sent 
by  nerve  fibres  to  another  group  of  central  nerve  cells,  which  are 
apparently  employed  solely  in  receiving  the  stimuli  from  the 
peripheral  organs,  and  then  distributing  the  impulses  to  their 
neighbors,  which  can  direct,  modify,  analyze,  classify,  redistri- 
bute, or  check  the  impulses,  so  that  the  higher  nerve  cells  may 
have  less  work,  and  at  the  same  time  lose  none  of  the  advantage 
that  is  to  be  gained  from  the  income  derived  from  stimulus  com- 
ing from  without.  Connected  with  the  last  group  is  another,  the 
nerve  cells  which  lie  out  of  the  reach  of  the  ordinary  peripheral 
impulses,  but  are  capable  of  developing  within  themselves  ener- 
gies, and  can  initiate  impulses  with  no  other  aid  than  that  of 
their  nutrition  and  the  chemical  changes  resulting  from  their 
assimilation. 

These  impulses  are  distributed  to  the  peripheral  active  tissues, 
muscles,  glands,  etc.,  probably  through  the  medium  of  other  sets 
of  cells  analogous  to  the  last  group  situated  in  the  nerve  centres 
as  well  as  to  the  local  distributors  which  act  as  unions  Ixjtween 
the  other  textures  and  the  nerve  fibres. 

The  functions  of  nerve  cells  which  form  centres  of  action  may 
be  classified  thus : — 

I.  Reflexion. — Many  cells  are  capable  of  reflecting  impulses 
received  from  an  afferent  nerve  ;  that  is  to  say,  they  send  it  by 
an  efferent  nerve  to  some  active  tissue,  such  as  a  muscle  or  gland. 
This  kind  of  direction  is  spoken  of  as  a  simple  reflex  action.  For 
instance,  if  a  grain  of  red  i^i)per  be  placed  on  the  tongue,  an 
impulse  soon  travels  from  the  peripheral  receiving  terminal,  along 
an  afferent  nerve  to  its  central  terminal,  which  reflects  the  im- 
pulse to  the  efferent  nerve,  going  to  the  salivary  gland,  and  the 
result  is  an  increased  secretion  of  saliva. 
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2.  Co-ordination. — There  are  but  few  reflex  acts  that  do  not 
require  the  co-operation  of  several  cells,  and  these  work  together 
in  an  orderly  manner,  the  resulting  activity  being  well  arranged 
and  usually  adapted  to  some  purpose.  The  first  act  of  the  receiv- 
ing cells  of  a  reflex  centre  must  then  be  to  distribute  and  direct 
the  impulse  into  those  channels  which  lead  to  groups  of  cells 
capable  of  sending  impulses  in  an  orderly  and  definite  direction. 
This  directing  and  arranging  power  is  spoken  of  as  co-ordination, 
and  probably  is  an  attribute  common  to  all  nerve  cells. 

3.  Augmentation. — The  force  of  the  reflected  efferent  impulse 
bears  a  direct  relation  to  the  afferent  impulse  as  determined  by 
the  strength  of  the  stimulus.  Thus,  if  the  amount  of  pepjjer  on 
the  tongue  be  much  increased,  not  only  is  the  flow  of  saliva 
greater,  but  the  excitation  spreads  from  one  central  cell  to  another 
until  the  neighboring  centres  are  affected.  Thus,  we  often  find 
the  lachrymal  glands  are  influenced  by  very  strong  stimulation 
of  the  tongue,  and  pour  out  their  secretion,  as  is  said,  **  in  sym- 
pathy **  with  the  mouth  glands.  But  the  amount  of  the  afferent 
impulse  is  not  the  only  factor  in  determining  the  energy  of 
response  to  be  reflected  along  the  efferent  channels.  Some  nerve 
cells  have  a  distinct  power  of  increasing  the  amount  of  response 
to  a  given  stimulus.  When  an  irritant  falls  near  the  mucous 
membrane  in  the  neighborhood  of  the  laryngeal  opening,  a  very 
different  result  is  produced.  The  greater  response  to  an  equal 
stimulus  in  such  cases  probably  depends  rather  on  a  peculiar 
augtnenting  power  of  some  central  cells  than  upon  any  special 
local  mechanisms. 

4.  Inhibition. — Under  certain  conditions,  which  will  be  more 
fully  explained  presently,  nerve  cells  appear  to  have  the  power 
of  restraining  the  activity  of  other  cells  or  tissues,  of  checking 
their  receptive  or  executive  power,  or  lessening  the  impulse 
reflected  so  as  to  produce  less  effect ;  this  is  called  inhibition. 

5.  Automatism. — Nerve  cells  are  supposed  to  have  the  power 
of  originating  activity,  /'.  <?.,  discharging  impulses  without  receiv- 
ing any  exciting  impulses  from  other  nervous  agencies  that  we 
can  find  out.  Examples  may  be  found  among  those  carrying  on 
operations  which  require  to  be  of  a  more  or  less  permanent  kind. 


5l8  MANUAL   OF   PHYSIOLOGY. 

such  as  the  partial  contraction  of  the  muscle  cells  of  the  arteries. 
Automatic  actions  are  sometimes  classified  as  those  acting  continu- 
ously and  those  that  undergo  rhythmical  changes.  If  carefully 
examined,  most  of  the  so-called  constant  automatic  actions  will 
be  found  to  show  traces  of  rhythmic  relaxation.  The  centre 
governing  respiratory  movement  is  an  exanaple  of  an  automatic 
group  of  cells.  Impulses  are  discharged  from  it  even  when  the 
connections  with  all  the  afferent  nerves  which  influence  it  nor- 
mally are  cut  ofl*,  and  it  has  no  other  excitant  than  the  warm 
blood  supplying  it  with  nutriment.  Respirations  are,  however, 
normally  regulated  by  a  reflex  mechanism,  the  channels  of  which 
reside  in  the  vagus  nerve. 

In  the  nerve  cells  we  must  also  seek  mental  activity^  under  which 
term  maybe  considered  perception,  volition,  thought  and  memory. 
It  is  very  difficult  to  allocate  the  due  proportions  of  reflexion, 
co-ordination,  augmentation,  inhibition,  automatism,  etc.,  requi- 
site for  the  development  of  mental  faculties.  In  all  probability, 
what  we  call  mental  operations  are  related  to  activities  called 
forth  as  the  resultant  of  a  long  series  of  external  and  internal 
excitations,  modified  by  intrinsic  nutritive  influences,  acting  upon 
innumerable  groups  and  complex  associations  of  nerve  cells,  the 
general  outline  of  whose  function  and  tendency  of  action,  char- 
acter y  has  been  rough  hewn  by  hereditary  transmission. 
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CHAPTER  XXIX. 

SPECIAL  PHYSIOLOGY  OF  NERVES. 

SPINAL  NERVES. 

The  thirty-one  pairs  of  nerves  which  leave  the  vertebral  canal 
by  the  openings  between  the  vertebrae  are  called  spinal  nerves, 
in  contradistinction  to  the  cranial  nerves,  which  pass  through  the 
base  of  the  skull.  They  are  attached  to  the  spinal  marrow  by 
two  bands,  the  anterior  and  posterior  roots,  which  unite  together 
in  the  intervertebral  canal  to  form  the  trunk  of  the  nerve.  Just 
before  the  junction  of  the  two  roots  the  posterior  one  is  enlarged 
by  a  ganglionic  swelling. 

The  spinal  nerves  are  all  *'  mixed  nerves,"  that  is  to  say,  they 
contain  both  efferent  and  afferent  fibres  ;  but  these  two  sets  of 
fibres  are  separate  in  the  roots  of  each  nerve,  the  posterior  root 
containing  only  afferent,  and  the  anterior  only  efferent  fibres. 
The  spinal  nerves  are  thus  joined  to  the  spinal  marrow  by  two 
nervous  cords,  each  one  of  which  is  functionally  distinct.  About 
seventy  years  ago  Charles  Bell  discovered  that  the  anterior  roots 
were  motor,  and  the  posterior  sensory  channels.  Hence,  the  an- 
terior are  commonly  spoken  of  as  the  motor  roots,  and  the  poste- 
rior as  the  sensory  roots  of  the  spinal  nerves.  The  experiments  to 
show  this  difference  are  simple,  but  require  delicate  manipulation. 

If  the  anterior  roots  of  the  nerves  supplying  the  hind  leg  of  a 
recently-killed  frog  be  divided,  the  muscles  of  the  limb  are  cut 
off  from  the  centres  in  the  spinal  cord,  and  the  leg  hangs  limply, 
and  does  not  move  if  pinched  when  the  frog  is  suspended  ; 
whereas  the  limb  on  the  sound  side,  upon  which  the  anterior 
roots  are  intact,  will  move  energetically  when  the  motionless  one 
is  irritated.  If  the  distal  ends  of  the  divided  anterior  roots  be 
stimulated,  the  muscles  of  the  paralyzed  limb  are  thrown  into 
action  ;  but  stimulation  of  the  proximal  end  gives  no  result.  If 
the  two  webs  of  this  frog  be  compared,  the  blood  vessels  running 
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across  the  transparent  part  of  the  web  on  the  injured  side  will  be 
found  to  be  fuller  than  those  in  the  web  of  the  other  limb,  but  if 
the  distal  ends  of  the  motor  roots  be  stimulated,  the  dilated  blood 
vessels  return  to  their  normal  calibre.  By  these  experiments 
we  are  shown  that  efferent  fibres  carrying  impulses  to  the  mus- 
cular walls  of  the  vessels  are  contained  in  the  anterior  roots  of 
the  spinal  nerve,  together  with  fibres  to  the  skeletal  muscles. 

Posterior  Roots. — The  fact  that  when  the  leg  on  the  side  where 
the  anterior  roots  have  been  severed  is  stimulated  the  animal 
moves  the  other,  is  sufficient  to  show  that  the  sensory  connections 
between  its  surface  and  the  cord  are  not  destroyed  by  cutting 
those  anterior  roots ;  and  we  may  conclude — taking  the  other 
facts  just  mentioned  into  account^ — that  the  afferent  fibres  are 
situated  in  the  posterior  roots. 

We  can  confirm  this  result  by  cutting  the  posterior  roots  on 
one  side  of  a  recently-killed  frog,  and  repeating  the  stimulation 
of  the  feet. 

Pinching  the  limb  whose  posterior  roots  are  cut,'  gives  rise  to 
no  response,  because  the  impulses  cannot  reach  the  spinal  cord  ; 
but  stimulation  of  the  sound  foot  causes  obvious  movements  of 
both  legs.  This  shows  that  the  section  of  the  posterior  roots  of 
one  limb  cuts  off  the  afferent  (sensory)  communication  on  the 
side  operated  on,  but  that  the  efferent  (motor)  impulses  can  pass 
freely  to  the  muscles,  even  when  the  posterior  roots  are  divided, 
for  the  limb  moves  on  pinching  the  other  foot.  If  the  proximal 
ends  of  the  cut  posterior  roots  be  stimulated,  motions  are  pro- 
duced showing  that  the  centres  in  the  spinal  cord  are  influenced 
by  the  afferent  impulses  carried  by  those  posterior  roots.  If  the 
distal  ends  of  the  cut  roots  be  stimulated  no  movement  results. 

Recurrent  Fibres. — It  has  been  sometimes  found  that  stimula- 
tion of  the  anterior  roots  seemed  to  cause  pain,  as  shown  by  the 
motion  of  other  parts  besides  those  to  which  this  root  was  dis- 
tributed ;  and  it  was  believed  that  some  sensory  fibres  must  run 
in  the  anterior  roots.  But  it  has  been  found  that  if  the  corre- 
sponding posterior  roots  be  cut  these  signs  of  pain  when  the  ante- 
rior roots  are  stimulated  are  not  shown.  From  this  it  has  been 
concluded  that  the  api)arent  sensory  channels  of  the  motor  roots 


are  nothing  more  than  some  sensory  fibres  which  pass  from  the 
nerve  trunk  a  little  way  up  the  motor  root,  and  then  turn  back 
and  descend  again  to  the  junction  of  the  roots,  whence  they  pass 
along  the  posterior  root  to  the  cord.  These  fibres  are  named  the 
"  recurrent  sensory  fibres,"  and  the  recurrent  sensibility  of  the 
anterior  roots  is  not  regarded  as  any  serious  departure  from  Bell's 
law. 

The  course  of  the  secretory,  etc.,  nerves  probably  follows 
that  of  the  motor  channels  at  their  exit  from  the  cord.  Their 
peripheral  distribution,  and  that  of  the  vasomotor  nerves,  are 
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intimately  connected  with  the  symixithetic  system,  and  will  be 
considered  further  on. 

Of  the  function  of  the  ganglia  on  the  posterior  roots  of  the 
spinal  nerves  but  little  is  positively  known.  There  is  no  evidence 
of  their  being  centres  of  reflex  action,  nor  can  they  be  shown  to 
possess  any  marked  automatic  activity.  From  the  fact  that 
when  a  mixed  nerve  is  divided  the  end  cut  olffrom  the  ganglion 
degenerates  after  a  few  days,  these  ganglia  are  supjKJsed  to 
preside  over  the  nutrition  of  the  tissue  of  the  nerve  itself.  And 
if  the  roots  be  cut,  that  part  of  the  posterior  root  attached  to 
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the  cord  degenerates,  while  the  piece  connected  with  the  ganglion 
is  well  nourished.  This  is  not  the  case  if  the  anterior  root  be 
divided,  but,  on  the  contrary,  that  portion  next  the  cord  is  well 
nourished,  while  that  connected  with  the  posterior  root  is  degen- 
erated. 

It  would  thus  appear  that  the  trophic  function  of  the  ganglia 
is  restricted  to  the  sensory  nerves,  while  the  nutrition  of  the 
motor  nerves  is  provided  for  by  nervous  centres  situated  higher  up. 

THE  CRANIAL  NERVES. 

The  nerves  which  pass  out  through  the  foramina  in  the  base 
of  the  skull  must  be  considered  separately,  as  the  function  of 
each  of  them  shows  some  peculiarity.  Some  are  exclusively 
nerves  of  special  sense,  some  are  simple,  being  purely  motor  in 
function,  while  others  are  exceedingly  complex,  containing  many 
kinds  of  fibres.  They  may  be  taken  in  the  order  of  their  func- 
tional relationships,  motor  and  mixed.  Those  which  relate  to  the 
special  senses  will  be  considered  in  future  chapters. 

Ill,  THE  MOTOR  OCULI  NERVE. 

The  nerves  of  the  third  pair  are  efferent,  being  the  chief  motor 
nerves  of  the  eyes.  They  arise  from  the  gray  matter  on  the 
floor  and  roof  of  the  aqueduct  of  Sylvius,  pass  out  of  the  brain 
substance  near  the  pons  from  between  the  fibres  of  the  peduncle, 
and  run  between  the  posterior  cerebral  and  superior  cerebellar 
arteries.  They  pass  into  the  orbits  in  two  branches,  and  are 
distributed  to  the  following  orbital  muscles:  (i)  elevator  of  the 
eyelid,  (2)  the  superior,  (3)  inferior,  and  (4)  internal  recti,  and 
(5)  the  inferior  oblique.  They  also  contain  fibres  which  carry 
efferent  impulses  to  (i)  the  circular  muscle  of  the  iris,  and  to 
(2)  the  ciliary  muscle.  The  latter  branches  reach  the  eye  by  a 
short  twig  from  the  inferior  oblique  branch,  which  goes  to  the 
ciliary  ganglion,  and  thence  enters  the  ciliary  nerves. 

The  action  of  the  orbital  muscles  is,  in  the  main,  under  the 
control  of  the  will,  though  they  afford  good  examples  of  peculiar 
coordination  and  involuntary  association  of  movements.  The 
reflex  contraction  of  the  pupil  by  the  action  of  the  circular  muscle 
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(sphincter  pupillae)  is  a  bilateral  act,  the  afferent  impulse  of 
which  originates  in  the  retina,  passes  along  the  optic  nerves,  and 
is  transmitted,  from  the  corpora  quadrigemina,  to  both  the  third 
nerves'.  The  central  extremities  of  the  third  nerves  must  have 
an  intimate  connection  with  each  other  and  with  the  optic  nerves, 
for  the  diminution  in  size  of  both  pupils  follows  accurately  the 
increase  in  intensity  of  the  light  to  which  even  one  of  the  retinae 
is  exposed.  In  retinal  blindness  and  after  section  of  the  optic 
nerve  the  pupil  becomes  dilated  from  loss  of  the  retinal  excita- 
tion. The  action  of  the  ciliary  muscle  may  be  said  to  be  volun- 
tary, since  we  can  voluntarily  focus  our  eyes  for  near  or  far  objects. 
Contraction  of  the  sphincter  pupillae  and  of  the  internal  rectus  is 
associated  with  the  contraction  of  the  ciliary  muscle  in  accommo- 
dation. 

Section  of  the  third  nerve  within  the  cranium  gives  rise  to  the 
following  group  of  phenomena  :  (i)  Drooping  of  the  upper  lid 
(Ptosis).  (2)  Fixedness  of  the  eye  in  the  outer  angle  (Luscitas). 
(3)  Dilatation  and  immobility  of  pupil  (Mydriasis).  (4)  Ina- 
bility to  focus  the  eye  for  short  distances. 

IV,  THE  TROCHLEAR  NERVE. 

This  thin  nervous  filament  arises  under  the  Sylvian  aqueduct, 
and  passes  into  the  superior  oblique  muscle,  to  which  it  carries 
voluntary  impulses,  which  are  involuntarily  as.sociated  with  those 
of  the  other  muscles  moving  the  eyeball.  Paralysis  of  this  muscle 
causes  no  very  obvious  impairment  in  the  motions  of  the  eyeball 
when  the  head  is  held  straight,  but  it  is  accompanied  by  double 
vision,  so  there  must  be  some  displacement  of  the  eyeball. 
When  the  head  is  turned  on  one  side  the  eye  follows  the  position 
of  the  head  instead  of  being  held  in  its  primary  position.  In 
paralysis  of  this  nerve  a  double  image  is  seen  only  when  looking 
downward,  and  the  image  on  the  affected  side  is  oblique  and 
below  that  seen  by  the  sound  eye. 

VI,  THE  ABDUCTOR  NERVE  OF  THE  EYE. 
This  arises  in   the  floor  of  the  fourth  ventricle,  and  appears 
just  below  the  pons  Varolii.      It   is   the  motor  nerve  of  the 
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external  rectus  muscle  of  the  eye.     Paralysis  or  section   of  it 
causes  inward  squint. 

VII,  (PORTIO  DURA)  MOTOR  NERVE  OF  THE  FACE. 

This  nerve  arises  from  a  gray  nucleus  in  the  floor  of  the  fourth 
ventricle.  It  passes,  with  the  other  part  of  the  seventh  (portio 
mollis)  or  auditory  nerve,  into  the  internal  auditory  meatus  of 
the  temporal  bone.  It  first  passes  out  toward  the  hiatus,  then 
turns  at  a  right  angle  to  form  a  knee-like  swelling  (geniculate 
ganglion),  and  then  nms  backward  along  the  top  of  the  inner 
wail  of  the  drum,  and  passing  downward  through  a  special 
canal  in  the  bone,  comes  out  at  the  stylo-mastoid  foramen,  and 
finally  spreads  out  on  the  side  of  the  face.  It  is  essentially  an 
efferent  nerve,  being  partly  motor  and  partly  secretory,  though 
its  connections  have  caused  afferent  functions  to  be  ascribed  to 
it.     Its  distribution  may  be  thus  briefly  summarized  : — 

(i)  Motor  Fibres. — (i)  To  the  muscles  of  the  forehead,  eyelids, 
nose,  cheek,  mouth,  chin,  outer  ear  and  the  platysma,  which  may 
be  grouped  together  as  the  muscles  of  expression.  (2)  To  some 
muscles  of  mastication^  viz.,  buccinator,  posterior  belly  of  digas- 
tric, and  the  stylohyoid — all  the  foregoing  being  supplied  by 
external  branches — while  in  the  temporal  bone  it  gives  a  branch 
to  (3)  the  stapedius  muscle,  and  also  a  branch  from  the  geniculate 
ganglion,  named  the  great  superficial  petrosal  nerve,  which,  after 
a  circuitous  course,  is  supplied  to  the  elevator  and  azygos  muscles 
of  the  palate  and  uvula. 

(ii)  Secretory  Fibres. — (i)  To  the  parotid  gland  by  the  small 
superficial  petrosal  nerve,  which  sends  a  branch  to  the  otic  gan- 
glion, whence  the  fibres  pass  to  the  auriculo-temporal  nerve,  and 
then  on  to  the  gland.  (2)  To  the  submaxillary  gland  by 
the  chorda  tympani,  which,  after  having  traversed  the  tympanum, 
leaves  the  ear  by  a  fissure  at  its  anterior  extremity,  then  joins 
the  lingual  branch  of  the  fifth  to  separate  from  it  and  pass  into 
the  submaxillary  ganglion,  which  lies  in  close  relation  to  the 
gland  (compare  Figs.  64  and  65). 

(iii)  Vasomotor  or  vaso-inhibitory  influences  are  chiefly  con- 
nected with  the  motor  and  secretory  fijnctions,  since  dilatation  of 
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the  vessels  of  muscles  and  glands  accompanies  the  motion  and 
secretion  that  follows  stimulation  of  the  nerves  going  to  them. 

(iv)  The  following  afferent  impulses  are  said  to  travel  along 
the  track  of  the  portio  dura  and  its  branches :  (i)  Special  taste 
sensations,  which  are  chiefly  located  in  the  chorda  tympani 
branch,  may  be  explained  by  the  branches  of  communication 
which  pass  from  the  tnmk  and  petrous  ganglion  of  the  glosso- 
pharyngeal to  the  portio  dura  at  its  exit  from  the  foramen,  or 
by  the  connection  in  the  dnim  of  the  ear  between  the  tympanic 
branch  of  the  glosso-pharyngeal  and  the  geniculate  ganglion  of 
the  portio  dura  through  the  lesser  superficial  petrosal  nerve. 
(2)  Ordinary  sensations,  which  are  also  located  in  the  chorda 
tympani,  are  said  to  traverse  this  nerve  in  an  afferent  direction 
until  it  comes  near  the  otic  ganglion,  when  the  sensory  fibres 
leave  the  chorda  and  pass  to  the  inferior  division  of  the  fifth 
nerve  through  the  otic  ganglion. 

Injury  of  the  facial  nerve  in  any  of  the  deeper  parts  of  its 
course  gives  rise  to  the  striking  group  of  symptoms  known  as 
facial  paralysis,  the  details  of  which  are  too  long  to  be  given 
here.  When  it  is  remembered  that  muscles  aiding  in  expres- 
sion, mastication,  deglutition,  hearing,  smelling,  and  sj^eaking 
are  f>aralyzed,  and  that  taste,  salivary  secretion,  and  possibly 
ordinary  sensation  are  impaired,  one  can  form  some  idea  of  the 
complex  pathological  picture  such  a  case  presents. 

V,  N.  TRIGEMINUS.  OR  TRIFACIAL  NERVE. 

This  nerve  transmits  both  efferent  and  afferent  impulses  carried 
by  two  different  strands  of  fibres.  The  motor  part,  which  arises 
from  a  gray  nucleus  in  the  floor  of  the  fourth  ventricle,  is  much 
the  smaller  of  the  two,  and  has  been  compared  to  the  anterior 
root  of  a  spinal  nerve.  The  large  sensory  division  springs  from 
a  very  extensive  tract,  which  can  be  traced  from  the  pons  Varolii 
through  the  medulla  to  the  lower  limit  of  the  olivary  body,  and 
on  to  the  posterior  cornua  of  the  spinal  marrow.  This  set  of 
fibres  has  been  linked  to  the  posterior  root  of  a  spinal  nerve, 
being  somewhat  analogous  to  it  in  origin,  function,  and  the  fact 
that  there  is  a  large  ganglion  on  it  within  the  cranium. 
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The  distribution  and  peripheral  connections  of  this  nerve  are 
somewhat  complicated,  and  should  be  carefully  studied  when  the 
manifold  functions  of  its  branches  are  being  considered.  The 
various  impulses  conveyed  by  the  trifacial  nerves  may  be  thus 
enumerated:  — 

(1)  EFFERENT    FIBRES. 

1.  Motor. — To  the  muscles  of  (i)  mastication,  viz.,  temporal 
masseters,  both  pterygoids,  mylohyoid,  and  the  anterior  part  of 
the  digastrics ;  (2)  to  the  tensor  muscle  of  the  soft  palate  ;  and 
(3)  to  the  tensor  tympani.  (4)  In  some  animals  (rabbit)  nerve 
filaments  are  said  to  pass  to  the  iris,  reaching  the  eyeball  by  the 
ciliary  ganglion. 

2.  Secretary. — The  efferent  impulses  which  stimulate  the  cells 
of  the  lachrymal  gland  to  increased  action  pass  along  the  branches 
of  the  ophthalmic  division  of  this  nerve. 

3.  Vasomotor. — The  nerves  governing  the  muscles  of  the  blood 
vessels  of  the  eye,  of  the  lower  jaw,  and  of  the  mucous  mem- 
brane of  the  cheeks  and  gums. 

4.  Trophic. — On  account  of  the  impairment  of  nutrition  of  the 
eye  and  mucous  membrane  of  the  mouth,  which  occurs  after 
injury  of  fifth  nerve,  it  is  said  to  carry  fibres  which  preside  over 
the  trophic  arrangements  of  these  parts. 

(2)  AFFERENT   FIBRES. 

1.  Sensory. — All  the  divisions  of  the  trifacial  nerve  may  be 
said  to  be  connected  with  cutaneous  nerves,  by  which  the  ordinary 
sensory  impulses  are  carried  from — (i)  the  entire  skin  of  the  face, 
and  the  anterior  surface  of  the  external  ear ;  (2)  from  the  external 
auditory  meatus ;  (3)  from  the  teeth  and  periosteum  of  the  jaws, 
etc. ;  (4)  from  the  mucous  membrane  lining  the  cheeks,  floor 
of  the  mouth,  and  anterior  pau"t  of  the  tongue ;  (5)  from  the  lining 
membrane  of  the  nasal  cavity ;  (6)  from  the  conjunctiva,  ball 
of  the  eye,  and  orbit  generally ;  (7)  and  from  the  dura  mater, 
including  the  tentorium. 

2.  Excito-motor. — Some  of  the  fibres  which  have  just  been 
enumerated  as  carrying  ordinary  sensory  impressions  have  special 
powers  of  exciting  coordinated  reflex  motions.    Thus  the  sensory 


CRANIAL   NERVES.  527 

fibres  from  the  conjunctiva  and  its  neighborhood  are  the  afferent 
channels  in  the  common  reflex  acts  of  winking  and  closing  the 
eyelids ;  and  the  fibres  from  the  nasal  mucous  membrane  excite 
the  involuntary  act  of  sneezing. 

3.  Exciiihsecretory, — As  in  the  case  of  reflex  movements,  secre- 
tion may  be  excited  reflexly.  Fibres  carry  afferent  impulses  to 
the  medulla  from  the  anterior  part  of  the  tongue,  and  excite 
activity  of  the  salivary  glands.  Stimulation  of  the  mucous  mem- 
brane of  the  nose  or  eye  causes  impulses  to  pass  to  the  secretory 
centre  of  the  lachrymal  glands,  which  are  frequently  thus  reflexly 
excited. 

Intense  stimulation  of  almost  any  of  the  afferent  nerves  may 
excite  these  reflex  phenomena.  Thus  the  most  stoic  person  will 
experience  active  secretions  of  saliva  and  lachrymal  fluid,  as  well 
as  spasmodic  closure  of  the  lids  during  the  extraction  of  a  tooth. 
Even  the  bold  use  of  a  blunt  razor  will  cause  tears  to  flow  down 
the  cheeks,  by  sending  exci to-secretory  impulses  along  the 
branches  of  the  inferior  and  superior  maxillary  division  of  this 
nerve. 

4.  Tactile  impulses  are  appreciated  by  the  anterior  part  of  the 
tongue  with  remarkable  delicacy,  and  are  conveyed  by  the  lingual 
branch  of  the  fifth  nerve  ;  most  of  the  cutaneous  fibres  are  also 
capable  of  receiving  tactile  stimulation. 

5.  Taste. — ^The  tastes  appreciated  by  the  anterior  part  and  the 
edges  of  the  tongue  are  carried  by  fibres  which  lie  in  the  periph- 
eral branches  of  this  nerve.  These  belong  chiefly,  if  not  alto- 
gether, to  the  chorda  tympani,  and  leave  this  lingual  branch  of 
the  fifth  to  join  the  seventh  nerve  on  their  way  to  the  trunk  of 
the  glosso-pharyngeal. 

There  are  four  ganglia  in  close  relation  to  the  branches  of  the 
fifth  nerve  which  have  certain  points  of  similarity,  and  may, 
therefore,  be  considered  together,  although  their  positions  show 
that  they  are  engaged  in  the  performance  of  very  different 
functions. 

We  have  not  yet  been  able  to  ascertain  the  value  of  these  little 
points  of  junction  of  motor,  sensory,  vasomotor,  and  secretory 
fibres,  because,  so  far,  we  are  unable  to  attribute  to  the  cells  of 
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the  ganglia  either  reflecting  or  controlling  action,  or  any  auto- 
matic power. 

They  all  have  efferent  (motor  and  secretory)  and  afferent  (sen- 
sory) connections  with  the  nervous  centres,  and  also  connections 
with  the  main  channels  of  the  sympathetic  nerves.  These  are 
spoken  of  as  the  roots  of  the  ganglia.  Their  little  branches  are 
generally  mixed  nerves. 

THE  CILIARY  OR  OPHTHALMIC  GANGLION. 

This  ganglion  lies  in  the  orbit.  It  has  three  roots,  which  come 
from — (i)  the  inferior  oblique  branch  of  the  third  ner\'e,  by  a 
short  slip,  which  forms  the  motor  root ;  (2)  from  the  nasal  branch 
of  the  ophthalmic  division  of  the  fifth,  and  (3)  from  the  caro- 
tid plexus  of  the  sympathetic.  The  branches  go  mostly  to  the 
ball  of  the  eye,  and  may  be  divided  into  afferent  and  efferent. 
The  afferent  are  sensory  branches,  connecting  the  cornea  and  its 
neighboring  conjunctiva  with  the  centres.  The  efferent  fibres 
go  to  the  iris  and  cause  dilatation  of  the  pupil  (coming  mostly 
from  the  sympathetic),  and  the  vasomotor  fibres  going  to  the 
choroid  coat,  iris,  and  retina.' 

^  THE  SPHENOPALATINE  OR  NASAL  GANGLION. 

This  lies  on  the  second  division  of  the  fifth  nerve,  from  which 
it  gets  its  sensory  root.  Its  motor  root  comes  from  the  seventh 
by  the  great  superficial  i>etrosal  nerve,  and  its  sympathetic  root 
from  the  carotid  plexus  by  the  branch  joining  this  nerve.  These 
enter  the  ganglion  together,  and  are  spoken  of  as  the  vidian 
nerve.  Afferent  (sensory)  impulses,  from  the  greater  part  of  the 
nasal  cavity,  pa.ss  through  this  ganglion.  Its  efferent  branches 
are — (i)  motor  to  the  elevator  of  the  soft  palate  and  azygos 
uvulae  ;  (2)  vasomotor,  which  comes  from  the  sympathetic  ;  and 
(3)  secretory,  which  supply  the  glands  of  the  cheek,  etc. 

OTIC  OR  EAR  GANGLION. 

The  otic  ganglion  lies  under  the  foramen  ovale,  where  the 
interior  division  of  the  fifth  comes  from  the  cranium.  Its  roots 
are — (i)  motor ;  (2)  sensory,  from  the  inferior  division  of  the  fifth ; 
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and  (3)  sympathetic,  made  up  of  a  couple  of  fine  filaments  from 
the  plexus,  around  the  meningeal  artery.  By  its  branches  it 
communicates  with  the  seventh,  chorda  tympani,  and  sends  fila- 
ments to  the  parotid  gland. 

THE  SUBMAXILLARY  GANGLION. 

This  is  on  the  hyoglossus  muscle  in  close  relation  to  the  lin- 
gual branch  of  the  fifth,  from  which  it  gets  a  sensory  root.  The 
chorda  tympani  passes  to  the  ganglion,  carrying  efferent  impulses 
through  it  to  the  gland.  Its  sympathetic  branches  come  from 
the  plexus  around  the  facial  artery. 

VIII,  THE  GLOSSOPHARYNGEAL  NERVE. 

This  nerve  forms  part  of  the  eighth  pair,  and  springs  from  the 
floor  of  the  fourth  ventricle  above  the  nucleus  of  the  vagus.  It 
is  a  mixed  nerve,  the  functions  of  which  may  be  thus  classified  : — 
Afferent  fibres^  which  are  of  various  kinds,  viz.  :  — 
(i)  Sensory  fibres ^  carrying  impulses  from  the  anterior  sur- 
face of  the  epiglottis,  the  base  of  the  tongue,  the  soft  palate,  the 
tonsils,  the  Eustachian  tube  and  tympanum. 

(2)  Excito-motor, — This  nerve  excites  important  reflex  move- 
ments in  swallowing  and  vomiting,  when  a  stimulus  is  applied  to 
the  glosso-palatine  arch. 

(3)  Excito-secretory,  the  stimulation  of  the  back  of  the  tongue 
gives  rise  to  a  copious  flow  of  saliva  by  means  of  reflex  action. 

(4)  Taste  sensations  are,  for  the  most  part,  carried  by  this 
nerve ;  they  are  conveyed  from  special  nerve  endings  in  the  back 
of  the  tongue  (see  Taste). 

The  efferent  fibres  are  not  so  varied,  being  simply  motor  to  the 
middle  constrictor  of  the  pharynx,  stylo-pharyngeus,  elevator  of 
the  soft  palate,  and  the  azygos  uvulae. 

THE  SPINAL  ACCESSORY  NERVES. 

These  also  form  part  of  the  eighth  pair  of  nerves,  and  arise 
from  the  medulla  oblongata  and  spinal  cord,  as  low  down  as  the 
seventh  cervical  vertebra.  The  lower  fibres  leave  the  lateral 
columns  at  their  posterior  aspect,  and  then  run  up  between  the 
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denticulate  ligament  and  the  posterior  roots  of  the  spinal  nerves 
to  enter  the  cranial  cavity.  On  their  way  out  of  the  cranium 
they  divide  into  two  parts,  one  of  which  becomes  amalgamated 
with  the  vagus,  and  the  other  passes  down  the  side  of  the  neck 
as  the  motor  nerve  of  the  sterno-mastoid  and  trapezius  muscles. 
Physiologically,  it  may  be  comjmred  with  the  anterior  root  of  a 
spinal  nerve,  and  the  part  accessory  to  the  vagus  probably  sup- 
plies that  nerve  with  most  of  its  motor  branches. 

■ 

THE  VAGUS  NERVE. 

The  vagus  arises  from  the  lower  part  of  the  floor  of  the  fourth 
ventricle,  and  is  connected  with  many  of  the  important  groups 
of  nerve  cells  in  this  neighborhood. 

The  functions  of  its  widely-distributed  fibres  may  be  thus 
briefly  stated : — 

(A)  The  Efferent  Fibres  may  be  divided  into — 

1 .  Motor-nerve  channels,  going  to  a  great  portion  of  the  alimen- 
tary tract  and  air  passage ;  the  following  muscles  getting  their 
motor  supply  from  the  branches  of  the  vagus — the  pharyngeal 
constrictors,  some  muscles  of  the  palate,  oesophagus,  stomach  and 
greater  part  of  the  small  intestine.  Motor  impulses  also  pass 
along  the  trunk  of  the  vagus — though  leaving  the  cord  by  the 
roots  of  the  accessory  nerve — to  the  intrinsic  muscles  of  the 
larynx;  these  fibres  lie  in  the  inferior  or  recurrent  laryngeal 
nerve,  except  that  to  the  cri co-thyroid,  which  lies  in  the  superior 
laryngeal  branch.  The  tracheal  muscle  and  the  smooth  muscle 
of  the  bronchial  walls  are  also  under  the  control  of  the  pul- 
monary branches  of  the  vagus. 

2.  Vasomotor  fibres  are  said  to  be  supplied  to  the  stomach  and 
small  intestine.  These  fibres  are  probably  derived  from  some  of 
the  numerous  connections  with  the  sympathetic. 

3.  Inhibitory  impulses  of  great  importance  for  the  regulation  of 
the  forces  of  the  circulation  pass  along  the  vagus  to  the  ganglia 
of  the  heart.  As  already  explained  in  detail  (see  page  280), 
these  fibres  are  always  acting,  as  shown  by  the  fact  that  section 
of  the  vagi  causes  a  considerable  quickening  of  the  heart  beat. 
On  the  other  hand,  if  the  distal  end  of  the  cut  vagus  be  stirau- 
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lated,  the  heart  beats  more  slowly,  and  in  some  animals  may 
come  to  a  standstill  in  a  condition  of  relaxation. 

(B)  The  Afferent  Fibrf^,  still  more  widely  spread,  are  im- 
portant for  the  functions  of  the  various  viscera.     They  are : — 

1.  Sensory  fibres  carrying  impulses  from  the  pharynx,  oesopha- 
gus, stomach  and  intestine,  and  from  the  larynx,  trachea,  bronchi 
and  lungs  generally.  The  pneumonia  which  follows  section  of 
the  vagi  depends  on — (i)  the  removal  of  sensibility,  and  the  ease 
with  which  foreign  matters  can  enter  the  air  passages ;  or  (2)  the 
violent  breathing  necessary  when  the  motor  nerves  of  the  larynx 
are  cut ;  or  (3)  the  injury  of  trophic  or  vasomotor  fibres. 

2.  Excito-motor  nerves, — There  is  no  nerve  that  can  be  com- 
pared with  the  vagus  in  the  variety  of  reflex  phenomena  in 
which  it  particijmtes.  Afferent  fibres  in  this  nerve  cause  spasm 
of  the  muscles  of  the  glottis  and  thorax,  and  govern  the  respira- 
tory rhythm,  preside  over  inhalation  of  air  and  excite  the  expira- 
tory muscles.  Thus,  irritation  of  the  mucous  membrane  at  the 
root  of  the  tongue,  the  folds  of  the  epiglottis,  larynx,  trachea 
or  bronchi,  causes  spasmodic  fits  of  coughing.  Irritation  of  the 
pharyngeal  or  the  gastric  fibres  gives  rise,  by  reflex  stimulation, 
to  the  act  of  vomiting. 

Stimulation  of  the  proximal  cut  end  of  the  trunk  of  the  vagus 
causes  inspiratory  effort  and  cessation  of  breathing  movements 
in  the  position  of  inspiration.  Stimulation  of  the  central  cut 
end  of  the  superior  laryngeal  branch  causes  reflex  spasm  of  the 
muscles  of  the  larynx  and  a  fixation  of  the  expiratory  muscles  in 
the  position  of  expiration.  The  fibres  which  regulate  the  res- 
piratory rhythm  consist  of  two  sets,  probably  passing  from  the 
lungs  to  the  inspiratory  and  expiratory  centres,  and  causing  each 
to  act  before  its  ordinary  automatism  would  transmit  any  dis- 
charge of  impulse  to  the  thoracic  muscles. 

In  the  laryngeal  branches  are  fibres  which  bear  centrifugal 
impulses  to  the  vasomotor  centres  in  the  medulla,  and  excite 
them  to  action.  These,  which  may  be  grouped  with  the  excito- 
motor  channels,  are  spoken  of  as  ^* pressor'^  fibres,  from  the  influ- 
ence they  exert  upon  the  pressure  of  the  blood  in  the  arteries. 

3.  ExcitO'inhibitory  fibres  pass  from  the  heart  to  the  vasomotor 
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centre.  Stimulation  of  these  fibres,  which  take  somewhat  dif- 
ferent courses  in  different  animals,  checks  the  tonic  action  of  the 
vasomotor  centre,  and  greatly  reduces  the  blood  pressure. 
Hence  these  fibres  form  the  depressor  nerve.  Its  terminals  in  the 
heart  are  stimulated  by  distention  of  that  organ  \  and  the  vaso- 
motor centre  is  thereby  inhibited,  the  arteries  dilate  and  the 
blood  pressure  falls  so  that  the  over-filled  heart  can  empty  itself. 

4.  ExcitO'Secretory  fibres, — Stimulation  of  the  gastric  endings 
of  the  vagus  causes  not  only  gastric,  but  also  salivary  secretion, 
which  occurs  as  a  precursor  of  gastric  vomiting. 

Section  of  both  vagi  in  the  neck  causes  the  death  of  the  animal 
within  a  day  or  two  after  the  operation,  and  the  following 
changes  may  be  observed* while  it  lives:  i.  The  heart  beat  is 
much  quicker,  as  shown  by  the  increased  pulse  frequency.  2. 
The  rate  of  breathing  is  very  much  slower.  3.  Deglutition  is 
difficult,  the  food  easily  passing  into  the  air  passages  through  the 
insensitive  larynx. 

Section  of  the  superior  laryngeal  nerves  is  followed  by  slight 
slowness  of  breathing,  loss  of  sensibility  in  the  larynx,  entrance 
of  food  into  the  air  passages,  chronic  broncho-pneumonia  and 
death. 

Section  of  the  inferior  laryngeal  nerves  gives  rise  to  the  same 
final  result,  because  the  muscles  of  the  larynx  are  paralyzed,  and 
closure  of  the  glottis  is  impossible.  A  change  in  voice  follows 
the  section  or  injury  of  even  one  inferior  laryngeal,  as  may  often 
be  seen  in  man  from  the  effect  of  the  pressure  of  an  aneurism. 

IX,  HYPOGLOSSAL  NERVE. 

This  nerve  appears  in  the  furrow  between  the  olivary  body  and 
the  anterior  pyramid,  on  a  line  with  the  anterior  roots  of  the 
spinal  nerves.  It  corresponds  with  the  anterior  roots  in  function, 
being  a  purely  motor  nerve.  It  bears  impulses  to  the  muscles  of 
the  tongue,  and  others  attached  to  the  hyoid  bone. 

Some  sensory  fibres  lie  in  its  descending  branch,  but  these  are 
probably  derived  from  the  vagus  or  trifacial  nerves,  with  which 
its  branches  inosculate. 

It  is  also  said  to  contain  the  vasomotor  fibres  of  the  tongue. 
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Section  of  the  nerves  causes  paralysis  of  the  muscles  of  the 
tongue ;  when  this  is  unilateral,  the  tongue  inclines  to  the  injured 
side,  while  being  protruded  from  the  mouth ;  but,  while  being 
drawn  in,  it  passes  to  the  sound  side.  This  is  easily  understood 
when  it  is  borne  in  mind  that  the  two  acts  depend  upon  the 
intrinsic  muscles  of  the  tongue,  bringing  about  an  elongation  or 
shortening  of  the  organ  respectively. 
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CHAPTER  XXX. 
SPECIAL  SENSES. 

It  has  been  pointed  out  that  the  afferent  or  sensory  nerves 
receive  impressions  at  the  surface  of  the  body,  and  carry  the  im- 
pulses to  nerve  cells  in  the  brain,  where  they  give  rise  to  sensation. 
The  afferent  nerves  are  the  means  by  which  the  mind  becomes 
acquainted  with  occurrences  in  the  outer  world,  and  also  the 
channels  along  which  the  impulses  pass  to  reflex  nerve  centres 
whence  they  are  sent  to  different  parts,  without  causing  any  sen- 
sation in  the  nerve  cells  of  the  sensorium. 

The  ordinary  sensory  nerves  are  in  such  relationship  to  the 
surface  that  they  are  affected  by  slight  mechanical  and  thermal 
stimuli,  which  throw  them  into  activity  and  send  impulses  to  the 
brain.  But  we  are  capable  of  appreciating  many  other  impres- 
sions besides  those  excited  by  the  ordinary  sensory  nerves.  We 
feel  the  character  of  a  surface  by  touch,  and  we  distinguish 
between  degrees  of  heat  and  coldy  when  th6  difference  is  far  too 
slight  to  act  as  a  direct  nerve  stimulus.  We  can  appreciate 
Itghty  of  which  no  degree  of  intensity  is  capable  of  exciting  a 
nerve  fibre  to  its  active  state,  or  of  stimulating  an  ordinary  nerve 
cell  in  the  least  degree.  We  recognize  the  delicate  air  vibrations 
called  sound t  which  would  have  no  effect  on  an  ordinary  ner\'e 
ending.  We  can  also  distinguish  several  tastes ;  and,  finally,  we 
are  conscious  of  the  presence  of  incomprehensibly  small  quanti- 
ties of  subtle  odors  floating  in  the  air.  When  the  amount  of 
the  substance  is  too  small  to  be  recognized  even  by  spectrum 
analysis,  which  detects  extraordinarily  minute  quantities,  we  can 
perceive  an  odor  by  our  olfactory  organs. 

There  must,  then,  be  a  special  apparatus  for  the  reception  of 
each  of  these  impressions,  in  order  that  the  nervous  system  may 
be  accessible  to  such  slender  influences.    In  fact,  special  mechan- 
isms must  exist  by  means  of  which  the  quality  of  a  surface, 
heat,  light,  sound,  taste  and  odor  are  enabled  to  act  as  nerve 
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Stimuli.  These  nerve  terminals  are  known  as  the  special  sense 
organs,  the  physiology  of  which  is  at  the  same  time  the  most 
difficult  and  most  interesting  branch  of  study  in  Biological 
Science. 

The  nerve  fibres  which  carry  the  impulses  from  the  various 
organs  of  special  sense  do  not  differ  from  other  nervous  cords,  so 
far  as  their  structure  and  capabilities  are  concerned.  The  special 
peripheral  end  organs  are  connected  with  nerve  cells  in  the 
brain,  the  sole  duty  of  which  is  to  receive  impulses  from  a  special 
sense  organ  and  distribute  them  to  the  brain  centres,  so  that  they 
may  cause  a  special  sensation.  By  whatever  means  a  nerve  trunk 
from  a  special  sense  organ  be  stimulated,  its  impulse  excites  the 
special  sensation  usually  arising  from  stimulation  of  the  special 
organ  to  which  it  belongs.  Thus,  electric  stimulation  of  nerves 
in  the  tongue  causes  a  certain  taste ;  mechanical  or  other  stimu- 
lation of  the  optic  nerve  trunk  gives  rise  to  the  sensation  of 
flashes  of  light,  and  a  distinct  odor  may  be  caused  by  the  pres- 
ence of  a  bony  growth,  pressing  upon  the  olfactory  nerve. 

The  capability  of  the  nerve  centres  connected  with  the  nerves 
of  special  sense  to  give  rise  to  a  special  sensation,  is  called  their 
specific  energy.  And  the  special  influence,  light,  sound,  etc., 
which  alone  suffices  to  excite  the  special  peripheral  terminal,  and 
which  the  given  terminal  alone  can  convert  into  a  nerve  stimulus, 
may  be  called  its  specific  or  adequate  stimulus. 

Although  we  habitually  think  of  the  sensation  as  if  coming 
from  the  surface  where  the  stimulus  is  applied,  it  is  really  only 
developed  in  the  centres  in  the  brain.  Thus  we  say  we  feel  with 
our  skin,  hear  with  our  ears,  and  see  with  our  eyes,  etc.,  whereas 
these  are  only  the  parts  from  which  the  nerve  impulses,  giving 
rise  to  the  specific  energy,  pass  to  the  feeling,  hearing  or  seeing 
regions  of  our  cerebral  cortex.  This  is  obvious  from  what  has 
been  already,  said  of  the  nerve  fibres  of  the  special  sense  organs. 
If  the  nerve  be  cut,  no  sensation  is  excited,  though  adequate 
stimulus  reach  the  organ  of  special  sense ;  and  if  a  stimulus  be 
applied  to  the  nerve  trunk,  a  similar  sensation  is  produced,  as  if 
the  specific  stimulation  had  operated  on  the  special  nerve  terminal 
from  which  these  fibres  habitually  carried  impulses.     This  periph- 
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eral  localization  of  cutaneous  sensations  is  really  accomplished  in 
the  mind,  just  as,  by  a  mental  act  of  a  different  character,  the 
impressions  communicated  by  the  eye  are  projected  into  the  space 
about  us  in  our  thoughts,  instead  of  being  referred  to  the  retina, 
or  thought  of  as  being  produced  in  the  eye  itself.  This  power  of 
the  sensorium  to  localize  impressions  to  certain  points  of  the  skin, 
and  to  project  into  space  the  stimulation  caused  by  the  light 
reflected  from  distant  objects,  so  as  to  get  a  distinct  and  accurate 
idea  of  their  position,  is  the  result  of  experience  and  habit,  which 
teach  each  individual  that  when  a  certain  sensation  is  produced, 
it  means  the  stimulation  of  a  certain  point  of  the  skin,  and  that 
the  objects  we  see  are  not  in  our  eyes,  where  the  impulses  start, 
but  at  some  distance  from  us.  We  learn  this  from  a  long  series 
of  unconscious  experiments  carried  on  in  our  early  youth  by 
movements  of  the  eyes  with  co-operation  of  the  hands.  Even  the 
sensations  which  arise  in  the  various  centres  of  the  sensorium,  as 
the  result  of  internal  or  central  excitations,  are,  from  habit, 
attributed  to  external  influences,  and  thus  we  have  various  hallu- 
cinations and  delusions,  such  as  seeing  objects  or  hearing  sounds 
which  may  only  dei^end  on  the  excitation  of  certain  groups  of 
cells  in  the  cortex  of  the  brain. 

The  sensations  produced  in  our  nerve  centres  as  the  result  of 
the  afferent  impulses  coming  from  our  special  sense  organs  give 
rise  to  a  form  of  knowledge  osW^tdi  perception.  Each  perception 
helps  to  make  up  our  knowledge  of  the  outer  world  and  of  our- 
selves. Without  this  power  of  perception  we  could  have  no 
notion  of  our  own  existence  and  no  ideas  of  our  surroundings;  in 
fact,  we  should  be  cut  off*  from  all  sources  of  knowledge  and  be 
idiots  by  deprivation  of  all  intelligence  from  without. 

A  complete  special  sense  apparatus  may  be  said  to  be  made 
up  of  the  following  parts  : — 

1.  A  special  nerve  ending,  only  capable  of  being  excited  by  a 
si^jcial  adequate  stimtilus, 

2.  An  afferent  nerve  to  conduct  the  impulses  from  the  special 
end  organ  to  the  nerve  centre. 

3.  Central  nerve  cells,  capable  by  specific  energy  of  translating 
the  nerve  im[)ulse  into  di  sensation,  which  is  commonly  referred  to 
some  local  point  of  the  jieriphery. 
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4.  Associated  nerve  centres,  capable  of  perceiving  the  sensa- 
tions, forming  notions  thereon,  and  drawing  conclusions  from  ihc 
present  and  past  perceptions,  as  to  the  intensity,  position,  quality, 
etc.,  of  the  external  influence. 

SKIN  SENSATIONS, 

The  sensations  arising  from  many  impulses  coming  from  the 
skin  are  grouped  together  under  the  name  of  the  Sense  of  Touch. 
This  special  sense  may  be  resolved  into  a  number  of  specific  sen- 
sations, each  of  which  might  be  considered  as  a  distinct  kind  of 
feeling,  but  is  usually  regarded  as  simply  giving  different  quali- 
ties to  the  sensations  excited  by  the  skin.  These  sensations  are  : 
(i)  Tactile  Sensation,  or  sensation  proper,  by  means  of  which  we 
appreciate  a  very  gentle  contact,  recognize  the  locality  of  stimu- 
lation, and  judge  of  the  position  and  form  of  bodies;  (a)  the 
sense  oi  pressure  :  and  (3)  the  sense  of  temperature. 

The  variety  of  perceptions  derived  from  the  cutaneous  surface, 
and  the  large  extent  of  surface  capable  of  receiving  impressions, 
make  the  skin  the  most  indispensable  of  the  special  sense  organs, 
though  we  value  this  source  of  our  knowledge  but  little.  If  we 
could  not  place  our  hands  as  feelers  on  near  objects  to  investigate 
their  surfaces,  etc.,  we  should  p^^, 

lose  an  important  source  of 
information  that  has  contrib- 
uted largely  to  our  visual 
judgment.  We  think  we 
know  by  the  look  of  a  thing 
what  we  originally  learned 
by  feeling  it.  If  our  conjunc- 
tiva did  not  feel,  we  should 
miss  its  prompt  warning,  and 

our  voluntary  movements  p„^i„  from  »  mcUoh  of  in  tcicd  skin  show, 
could  not  protect  o\ir  eyes  [."'^'J"^  papiH«jii«  «"'=!  on*  '^''"^'^^i"|( 
from  many  unseen  injuries  wiiiiiinieduii)[i«inCTv«.'andih»c«»thiide 
that    normally  never   trouble 

us.  If  the  skin  were  senseless,  it  would  recjuire  constant  mental 
effort  to  hold  a  pen,  and  our  i)ower  of  standing  and  walking 
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would  be  most  seriously  impaired.  And  how  utterly  cut  off  from 
the  outer  world  should  we  be,  were  we  incapable  of  feeling  heat 
and  cold. 

NERVE  ENDINGS. 
Although  the  end  organs  of  the  nerves  of  the  skin  are  the 
simplest  of  all  those  belonging  to  the  apparatus  of  special  sense, 
yet  we  have  a  very  imperfect  knowledge  of  their  immediate  rela- 
tionships to  the  different  qualities  of  touch  impressions.  We  know 
of  several  different  nerve  endings  apparently  adapted  to  the 
reception  of  certain  impressions,  but  of  the  exact  kinds  of  stimuli 
that  affect  these  different  terminals  we  are  ignorant. 


The  peripheral  terminals  of  the  sensory  nerves,  like  the  other 
special  sensC  organs,  are  usually  composed  of  modified 'epithelial 
cells,  into  close  relation  to  which  the  axis  cylinders  of  nerves  can 
be  traced.     They  may  be  thus  enumerated  : — 

I.  The  Touch  corpuscles  (Meissner)  are  egg-shaped  bodies  situ- 
ated in  the  papilla:  of  the  true  skin,  underlying  directly  the  epi- 
thelial cells  of  the  rete  mucosiim.  They  occupy  almost  the  entire 
jjapilla.  The  nerve  fibres  seem  to  be  twisted  around  Che  corpus- 
cle in  a  spiral  manner,  while  the  axis  cylinders  enter  the  body, 
and  the  covering  of  the  nerve  becomes  amalgamated  with  its 
outer  wall.     The  touch  corpuscles  vary  in  size  in  different  parts 
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of  the  skin  ;  usually  being  larger  where  the  papillx  in  which 
they  lie  are  well  developed.  The  axis  cylinders  are  said  to  end 
in  swellings  called  tactile  cells. 

z.  End  bulbs  (Krause)  are  smaller  than  the  last  and  are  less 
generally  distributed  over  the  surface  of  the  body,  being  localized 
to  certain  parts.  They  are  chiefly  found  in  the  conjunctiva  and 
mucous  membranes  of  the  mouth  and  external  generative  organs. 
They  consist  of  a  little  vesicle  containing  some  fluid ;  a  few  large 
nucleated  cells.     The  axis  cylinder  terminates  between  the  cells, 


{KUht.) 

the  membrane  which  forms  the  vesicle  of  the  bulb  being  fused 
with  the  sheath  of  the  nerve.  Many  different  shapes  and  varie- 
ties of  these  bodies  have  been  described,  but  there  seems  to  be 
no  definite  morphological  or  physiological  distinction  between 
the  varieties. 

3.  Touch  cells  (Merket),  found  in  the  decjier  layers  of  the  epi- 
dermis of  man  as  well  as  in  the  tongues  of  birds,  are  large  cells 
of  the  epithelial  type  with  distinct  nuclei  and  nucleoli.  Fre- 
quently they  are  grouped  together  in  masses  and  surrounded  by 
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a  sheath  of  connective  tissue ;  in  which  condition  they  resemble 
touch  corpuscles. 

4.  Free  nerve  endings  occur  on  the  surface  of  the  epithelium  of 
the  mucous  membranes,  and  are  seen  on  the  surface  of  the  cornea 
(Cohnheim).  Here  delicate,  single  strands  of  nerve  fibrils  can 
be  seen  after  gold  staining,  passing  between  the  epithelial  cells 
and  ending  at  the  surface  in  very  minute  blunted  points  or  knobs. 

Naked  nerve  fibrils  have  also  been  traced  into  the  deeper 
layers  of  the  epidermis  of  the  skin,  where  they  end  among  the  soft 
cells  of  the  mucous  layer,  either  in  branched  cell-like  bodies 
(Langerhans)  or  delicate  loops  (Ranvier). 

In  the  subcutaneous  fat  tissue  and  in  parts  remote  from  the 
surface  some  sensory  nerves  terminate  in  large  bodies,  easily 
visible  to  the  naked  eye,  called — 

5.  Pacinian  Corpuscles. — They  are  ovoid  bodies  made  up  of  a 
great  number  of  concentrically-arranged  layers  of  material,  of 
varying  consistence,  with  a  collection  of  fluid  in  the  centre,  in 
which  an  axis  cylinder  ends.  There  is  no  doubt  that  they  are 
the  terminals  of  afferent  nerves,  but  if  they  are  connected  with 
the  sense  of  touch,  which  is  doubtful  from  their  distribution,  it  is 
unknown  to  what  special  form  of  sensation  they  are  devoted. 
From  their  comparatively  remote  relation  to  the  skin,  lying  some 
distance  beneath  it  and  not  in  it,  like  the  other  endings  men- 
tioned, they  are  probably  connected  with  the  appreciation  of  pres- 
sure sensations  rather  than  those  more  properly  called  tactile. 

The  sense  of  touch  must  be  carefully  distinguished  from  ordi- 
nary sensibility  or  the  capability  of  feeling  i>ain,  which  is  not  a 
special  but  a  general  sensation,  and  is  received  and  transmitted 
by  different  nerve  channels.  This  we  know  from  the  facts,  that 
the  mucous  passages  in  general  can  receive  and  transmit  painful 
but  not  tactile  impressions,  and  that  in  the  spinal  cord  the  sen- 
sory and  tactile  impulses  are  probably  conveyed  by  distinct 
tracts.  Certain  narcotic  poisons  destroy  ordinary  sensation  with- 
out removing  the  sense  of  touch.  This  effect  is  also  brought  about 
by  cold,  when  the  fingers  are  l>enunibe(l ;  gentle  contact  excites 
tactile  impressions,  while  the  ordinary  sensations  of  pain  can 
only  be  aroused  by  severe  pressure. 
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However,  most  of  the  nerves  we  call  sensory  nerves  convey 
tactile  impressions,  and,  speaking  generally,  those  parts  of  the 
outer  skin  which  have  the  keenest  tactile  sense  are  also  those 
most  ready  to  excite  feelings  of  pain. 

The  intensity  of  the  stimulation  for  the  sense  of  touch  must 
be  kept  within  certain  limits  in  order  to  be  adequate y  /.  e.,  capa- 
ble of  exciting  the  specific  mental  perceptions.  If  the  stimulus 
exceed  these  limits,  only  a  general  impression,  approaching  that 
of  pain,  is  produced. 

The  power  of  forming  judgments  by  touch  differs  very  much 
in  different  parts  of  the  body,  being  generally  most  keen  where 
the  surface  is  richest  in  touch  corpuscles,  namely,  the  palmar 
aspect  of  the  hands  and  feet,  and  especially  the  finger  tips, 
tongue,  lips,  and  face. 

When  we  feel  a  thing  in  order  to  learn  its  properties,  we  make 
use  of  all  the  qualities  of  which  our  sense  of  touch  is  made  up. 
We  estimate  the  number  of  points  at  which  it  impinges  on  our 
finger  tips,  rub  it  to  judge  of  smoothness,  press  it  to  find  out  its 
hardness,  and  at  the  same  time  gain  some  knowledge  of  its  tem- 
perature and  power  of  absorbing  heat. 

To  get  a  clear  idea  of  our  complex  sense  of  touch,  we  must 
consider  each  kind  of  impression  separately. 

SENSE  OF  LOCALITY. 

By  this  is  meant  our  power  of  judging  the  exact  position  of 
any  point  or  points  of  contact  which  niay  be  applied  to  the  skin. 
Thus,  if  the  point  of  a  pin  be  gently  laid  on  a  sensitive  part  of 
the  skin  we  know  at  once  when  we  are  touched,  and  if  a  second 
pin  be  applied  in  the  same  neighborhood,  we  feel  the  two  points 
of  contact  and  can  judge  of  their  relative  position.  When  we 
feel  anything,  we  receive  impulses  from  many  points  of  contact 
bearing  varied  relationships  to  each  other,  and  thus  become  con- 
scious of  a  rough  or  smooth  surface. 

The  delicacy  of  the  sense  of  locality  differs  very  much  in  dif- 
ferent parts  of  the  skin.  It  is  most  accurate  in  those  parts  which 
have  been  used  as  touch  organs  during  the  slow  evolution  of  the 
animal  kingdom. 
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The  method  of  testing  the  delicacy  of  the  sense  of  locality  is 
that  of  applying  the  two  points  of  a  compass  to  different  parts  of 
the  skin,  and  by  varying  their  position,  experimentally  determine 
the  nearest  distance  at  which  the  two  points  give  rise  to  distinct 
sensations.  The  following  precautions  must  be  attended  to  in 
carrying  out  this  experiment :  i.  The  points  must  be  simultane- 
ously applied,  or  two  distinct  sensations  will  be  produced  at 
abnormally  small  distances.  2.  The  force  with  which  the  points 
are  applied  must  be  equal  and  minimal,  because  excessive  pres- 
sure causes  a  diffusion  of  the  stimulus  and  a  blurring  of  the  tactile 
sense.  3.  Commencing  with  greater  and  gradually  reducing 
the  distance  of  the  points  enables  a  person  to  appreciate  a  less 
separation  than  if  the  smaller  distances  were  used  at  first.  4. 
The  duration  of  the  stimulus ;  two  points  of  contact  being  dis- 
tinguished at  a  much  nearer  distance  if  the  points  be  allowed  to 
rest  on  the  part,  than  when  they  are  only  applied  for  a  moment. 
5.  The  temperature  and  material  of  the  points  should  be  the 
same.  6.  Moisture  of  the  surface  makes  it  more  sensitive.  7. 
Previous  or  neighboring  stimulation  takes  from  the  accuracy  of 
the  sensations  produced.  8.  The  temperature  of  the  different 
parts  of  the  skin  should  be  equal,  as  cold  impairs  its  sensibility. 

The  following  table  gives  approximately  the  nearest  distances 
at  which  some  parts,  which  may  be  taken  as  examples  of  the  more 
or  less  sensitive  regions  of  the  skin,  can  recognize  the  points  of 
contact  by  their  giving  rise  to  two  distinct  sensations : — 

Tip  of  the  tongue, I  mm. 

Palmar  aspect  of  the  middle  finger  tip, 2  ** 

Tip  of  the  nose, 4  " 

Back  of  the  hand, 15  *• 

Plantar  surface  of  great  toe, 18  ** 

Fore  arm,  anterior  surface,      40  ** 

Front  of  thigh 55  " 

Over  ensiform  cartilage, 60  *• 

Between  scapulse, 70  ** 

If  one  point  of  the  compass  be  applied  to  the  same  spot,  and 
the  other  moved  round  so  as  to  mark  out  in  different  directions 
the  limits  at  which  the  points  can  be  distinguished  as  separate, 
we  get  an  area  of  a  somewhat  circular  form,  for  which  the  name 
sensory  circle  has  been  proposed.     It  would  be  convenient  to 
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explain  this  on  the  simple  anatomical  basis  that  the  impressions 
of  this  area  were  carried  by  one  nerve  fibre  to  the  brain,  and 
thus  but  one  sensation  could  be  produced  in  the  sensorium.  We 
know  this  cannot  be  the  true  explanation,  from  the  following 
facts:  I.  No  such  anatomical  relationship  is  known  to  exist.  2. 
By  practice  we  can  reduce  the  area  of  our  sensory  circles  in  a 
manner  that  could  not  be  explained  by  the  development  of  new 
nerve  fibres.  3.  If  the  two  points  of  the  compass  be  placed  near 
the  edges  of  two  well-determined  neighboring  sensory  circles, 
and  so  in  relation  with  the  terminals  of  two  nerve  fibres,  they 
will  not  give  distinct  impressions  ;  they  require  to  be  separated 
as  much  as  if  they  were  applied  within  the  boundary  of  one  of 
the  circles  where  they  also  give  rise  to  the  double  perception. 

To  explain  better  the  sense  of  locality,  it  has  been  supposed 
that  sensory  circles  are  made  up  of  numerous  small  areas,  form- 
ing a  fine  mosaic  of  touch  fields,  each  of  which  is  supplied  by 
one  nerve  fibre,  and  that  a  certain  number  of  these  little  fields 
must  intervene  between  the  stimulating  points  of  the  compass  in 
order  that  the  sensorium  be  able  to  recognize  the  two  impulses  as 
distinct.  For,  although  every  touch  field  is  supplied  by  a  sepa- 
rate nerve  fibril  which  carries  its  impulses  to  the  brain,  and 
is  therefore  quite  sensitive,  the  arrangement  of  the  cells  in  the 
sensorium  is  such  that  the  stimuli  carried  from  two  adjoining 
touch  fields  are  confused  into  one  sensation.  Thus,  when  an 
edge  is  placed  on  our  skin,  we  do  not  feel  a  series  of  points  cor- 
responding to  the  individual  fields  with  which  it  comes  in  con- 
tact, but  the  confusion  of  the  stimuli  gives  rise  to  an  uninter- 
rupted sensation,  and  we  have  a  right  perception  of  the  object 

touched. 

THE  SENSE  OF  PRESSURE. 

There  seems  to  be  a  reason  for  separating  the  perception  of 
differences  in  the  degree  of  pressure  exercised  by  a  body  from  the 
simple  tactile  or  local  impression.  If  we  support  a  part  of  the 
body  so  that  no  muscular  effort  be  called  into  play  in  the  sup- 
port of  an  increasing  series  of  weights  placed  upon  the  same  area 
of  skin,  we  can  distinguish  tolerably  accurately  between  the 
different  weights.     It  has  been  found  that  if  a  weight  of  about 
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30  grammes  be  placed  on  the  skin  a  difference  of  about  i 
gramme  can  be  recognized — that  is,  we  can  distinguish  between 
29  and  30  grammes,  if  they  are  applied  soon  after  one  another. 
If  the  weights  employed  are  smaller,  a  less  difference  can  be 
detected ;  if  larger  weights  are  used,  the  difference  must  be 
greater,  and  it  appears  that  the  weight  difference  always  bears 
the  same  proportion  to  the  absolute  weight  used.  We  can  per- 
ceive a  difference  between  7^  and  7^,  14)4  and  15,  29  and  30, 58 
and  60,  etc.,  the  discriminating  power  decreasing  in  proportion 
as  the  absolute  degree  of  stimulation  increases. 

One  of  the  reasons  why  the  sense  of  pressure  is  regarded  as 
distinct  from  that  of  locality  is  that  the  former  is  found  not  to  be 
most  keenly  developed  in  the  parts  where  the  impressions  of 
locality  are  most  acute.  Thus,  judgment  of  pressure  can  be  more 
accurately  made  with  the  skin  of  the  forearm  than  the  finger 
tip,  which  is  nine  times  more  sensitive  than  the  former  to  ordi- 
nary tactile  impressions,  while  the  skin  of  the  abdomen  has 
an  accurate  sense  of  pressure,  though  dull  to  ordinary  tactile 
sensation. 

It  has  been  said  above  that  the  weights  by  which  pressure 
sense  is  to  be  tested  should  be  applied  rapidly  one  after  the  other. 
This  fact  depends  upon  the  share  taken  in  the  mental  judgment 
by  the  function  we  call  memory.  In  a  short  time  the  recollec- 
tion of  the  impression  passes  away,  and  there  no  longer  exists  any 
sensation  with  which  the  new  stimulation  can  be  compared. 

At  best  we  can  form  but  imperfect  judgments  of  pressure  by 
the  skin  impressions  alone.  When  we  want  to  judge  the  weight 
of  a  body  we  poise  it  in  the  free  hand,  which  is  moved  up  and 
down  so  as  to  bring  the  muscles  which  elevate  it  into  repeated 
action.  Hereby  we  call  into  action  a  totally  different  evidence, 
namely,  the  amount  of  muscle  power  required  to  raise  the  weight 
in  question,  and  we  find  we  can  arrive  at  much  more  accurate 
conclusions  by  this  means.  The  peculiar  recognition  of  how  much 
muscular  effort  is  expended  is  commonly  spoken  of  as  muscle 
sense,  which  may  arise  from  a  knowledge  of  how  much  voluntary 
impulse  is  expended  in  exciting  the  muscles  to  action,  but 
more  probably  it  depends  upon  afferent  impulses  arriving  at  the 
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sensorium  from  the  rauscles.      By  its  means  we  aid  the  pressure 

sense  in  arriving  at  accurate  conclusions  of  the  weight  of  bodies, 

so  that  in  the  free  hand  we  can  distinguish  between  39  grm.  and 

40  grm. 

TEMPERATURE  SENSE. 

We  are  able  to  judge  of  the  difference  in  temperature  of  bodies 
which  come  in  contact  with  our  skin.  Since  our  sensations  have 
no  accurate  standard  for  comparison,  we  are  unable  to  form  any 
exact  conception  of  the  absolute  temperature  of  the  substances 
we  feel.  The  sensation  of  heat  or  cold,  derived  from  the  skin 
itself,  without  its  coming  into  contact  with  anything  but  air  of 
moderate  temperature,  varies  with  many  circumstances,  and 
because  of  these  variations  the  powers  of  judgment  of  high  or 
low  temperature  must  be  imperfect.  The  skin  feels  hot  when  its 
blood  vessels  are  full ;  it  feels  cold  when  they  are  comparatively 
empty.  An  object  of  constant  temperature  can  thus  give  the 
impression  of  being  hot  or  cold  according  as  the  skin  itself  is 
full  or  empty  of  warm  blood.  But,  independent  of  any  very 
material  change  in  the  blood  supply  of  the  cutaneous  surface  of 
a  part,  any  change  in  the  temperature  of  its  surroundings  causes 
a  sensation  of  change  of  temperature,  which  is,  however,  a 
purely  relative  judgment.  Thus,  if  the  hand  be  placed  in  cold 
water,  we  have  at  first  the  sensation  of  cold ;  to  which,  however, 
the  skin  of  the  hand  soon  becomes  accustomed  and  no  longer 
feels  cold;  if,  now,  the  hand  be  placed  in  water  somewhat  warmer 
— but  not  higher  in  temperature  than  the  atmosphere — we  have 
a  feeling  of  warmth.  If  the  hand  be  placed  in  as  hot  water  as 
the  skin  can  bear,  it  feels  at  first  unpleasantly  hot,  but  this  feel- 
ing soon  passes  away  and  the  sensation  is  comfortable.  If  from 
this  hot  water  it  be  placed  again  in  the  water  of  the  air  tempera- 
ture, this — which  before  felt  warm — feels  very  cold. 

An  important  item  in  the  estimation  of  the  temperature  of 
an  object  by  the  sensations  derived  from  the  skin  depends  upon 
whether  it  be  a  good  or  a  bad  conductor  of  heat.  Those  sub- 
stances which  are  good  conductors,  and  therefore,  when  colder 
than  the  body,  quickly  rob  the  skin  of  its  heat,  are  said  to  feel 
cold,  while  badly-conducting  bodies,  of  exactly  the  same  tempera- 

46 
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ture,  do  not  feel  cold.     It  is,  then,  the  rapid  loss  of  heat  that 
gives  rise  to  the  sensation  of  cold. 

The  power  of  the  skin  in  recognizing  changes  of  temperature 
is  very  accurate,  although  the  power  of  judging  of  the  absolute 
degree  of  temperature  is  very  slight. 

By  dipping  the  finger  rapidly  into  water  of  varying  tempera- 
ture, it  has  been  found  that  the  skin  can  distinguish  between 
temperatures  which  differ  by  only  i^°  Cent,  or  j4^  Fahr.  The 
time  required  for  the  arrival  of  temperature  impressions  at  the 
brain  is  remarkably  long  when  compared  with  the  rate  at  which 
ordinary  tactile  impulses  travel.  To  judge  satisfactorily  of  the 
temperature  of  an  object,  we  must  feel  it  for  some  time. 

There  must  be  special  nerve  endings  which  are  capable  of 
receiving  heat  impressions,  because  warmth  applied  to  the  nerve 
fibres  themselves  is  not  capable  of  giving  rise  to  the  sensation  of 
heat.  Thermic  stimuli,  no  doubt,  do  affect  nerve  fibres,  but  only 
cause  the  sensation  of  pain  when  applied  to  them. 

These  nerve  endings  are  not  the  same  as  those  that  receive 
touch  and  pressure  impressions,  because  the  appreciation  of  dif- 
ferences of  temperature  is  not  very  delicately  developed  in  the 
parts  where  the  tactile  sensations  are  most  acute.  Thus,  the 
cheeks  and  the  eyelids  are  especially  sensitive  to  changes  of 
temperature,  a  fact  known  by  people  who  want  a  ready  gauge  of 
the  heat  of  a  body,  f.  g.,  a.  barber  approaches  the  curling  tongs 
to  his  cheek  to  measure  its  temperature  before  applying  it  to  the 
hair  of  his  client.  The  middle  of  the  chest  is  very  sensitive  to 
heat,  while  it  is  dull  in  feeling  tactile  impressions.  The  hand  is 
far  from  being  the  best  gauge  of  temperature,  for  heat  apprecia- 
tion is  not  develojied  in  a  due  proportion  to  the  keenness  of  its 
tactile  sensibility.  The  larger  the  surface  exposed  to  changes  of 
temperature  the  more  accurate  the  judgment  at  which  we  can 
arrive — the  slightest  changes  being  at  once  recognized  when  the 
entire  surface  of  the  body  is  exposed  to  them.  The  foregoing 
facts  are  well  known  to  i)ersons  in  the  habit  of  testing  the  tem- 
perature of  a  warm  bath  without  the  aid  of  a  thermometer; 
they  do  not  use  the  limited  surface  of  a  sensitive  tactile  finger 
tip,  but  plunge  the  entire  arm  into  the  water.    The  elbow,  indeed, 
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is  the  coramon  test  used  by  nurses  in  ascertaining  that  the  water 
in  which  they  are  about  to  wash  an  infant  is  not  too  warm  for 
that  purpose. 

Great  extremes  of  heat  or  cold,  such  in  fact  as  would  act  as 
stimuli  to  a  nerve  fibre,  do  not  give  rise  to  sensations  of  different 
temperatures,  but  simply  excite  feelings  of  pain.  Thus,  if  we 
plunge  our  hand  into  a  freezing  mixture  or  into  extremely  hot 
water,  it  is  difficult  to  say  at  once  whether  they  are  hot  or  cold 
— in  both  cases  pain  being  the  only  sensation  produced. 

GENERAL  SENSATIONS. 

We  call  general  sensations  those  feelings,  pleasurable  or  other- 
wise, which  can  be  excited  without  our  being  able  to  refer  them 
to  external  objects,  compare  their  sensation  with  those  of  the 
special  senses,  or  even  describe  their  exact  mode  of  perception. 
Under  this  head  are  enumerated  Pain,  Hunger,  Thirst,  Nausea, 
Giddiness,  Shivering,  Titillation,  Fatigue,  etc. 

Of  these  only  pain  is  commonly  referred  to  any  given  part, 
and  the  attempt  to  localize  pain  with  exactness  soon  shows  how 
very  different  is  our  power  in  this  respect,  in  the  case  of  pain 
and  in  the  case  of  tactile  impressions.  Thus,  when  we  strike  our 
**  funny  bone  "  (the  ulnar  nerve  passing  over  the  condyle  of  the 
humerus),  by  the  tactile  impressions  of  the  skin  we  know  the 
elbow  is  the  injured  part,  but  the  locality  of  the  pain  is  not  so 
exactly  to  be  determined,  for  it  shoots  down  the  arm  to  the  little 
finger,  and  is  indefinitely  spread  over  the  region  to  which  the 
nerve  is  distributed. 

In  studying  the  laws  which  govern  the  perception  of  painful 
impressions,  we  must  make  the  experiments  upon  ourselves,  since 
we  alone  can  form  conclusions  from  the  sensations  produced. 

The  best  way  to  carry  out  experiments  upon  pain  is  to  use 
extremes  of  temperature,  as  we  can  thus  graduate  the  stimula- 
tion. The  application  of  a  liquid  over  50°  C,  or  below  2°  C, 
causes  pain.  The  suddenness  of  application  to  the  part,  and  its 
duration,  and  the  extent  of  surface,  as  well  as  the  previous  tem- 
perature, have  important  influence  in  the  amount  of  pain  pro- 
duced. 
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The  various  kinds  of  pain  with  which  we  are  all  more  or  less 
familiar  seem  to  be  related  in  some  way  to  their  mode  of  pro- 
duction, but  we  are  unable  to  assign  any  definite  cause  for  these 
differences  of  character.  Thus,  though  such  terms  as  shooting, 
stabbing,  burning,  throbbing,  boring,  racking,  dragging  pain, 
are  frequently  used,  and  may  be  of  diagnostic  value,  we  have 
only  an  indistinct  knowledge  that  throbbing  depends  on  exces- 
sive vascular  distention  in  a  part,  that  sharp  pains  are  produced 
by  sudden  excitation  of  a  sensitive  part,  and  the  dull  pains  by 
the  more  permanent  stimulation  of  a  part  less  well  supplied  with 
nerves. 

Further,  pain,  as  we  think  of  it,  is  a  complex  mental  process, 
made  up  of  many  items,  such  as  real  sen.sory  impressions,  fear, 
disgust,  etc.  When  a  finger  is  to  be  lanced,  patients  often  cry 
out  most  loudly  before  they  are  touched  with  the  knife,  and  show 
intense  feeling  when  they  look  at  the  blood  flowing  from  the 
wound. 

Hunger  and  thirst  are  peculiar  and  indefinite  sensations  which 
are  experienced  when  some  time  has  elapsed  since  food  or  drink 
has  been  taken.  The  exact  part  of  the  nervous  system  in  which 
these  impressions  arise  has  not  been  determined.  They  are,  how- 
ever, said  to  be  associated  with  peculiar  sensations  in  the  stomach 
and  throat  respectively.  In  the  same  way  the  venereal  api^etite, 
though  associated  with  local  sensations,  cannot  be  referred  to  any 
one  part  of  the  nervous  system. 

Nausea  is  also  a  sensation  which  cannot  be  attributed  to  any 
part  of  the  nervous  centres.  It  commonly  arises  in  response 
to  afferent  impulses,  such  as  smells,  sights,  tastes,  pharyngeal, 
gastric  or  other  visceral  irritation,  and  is  antagonistic  to  the 
a[)petites  just  named.  All  the  sensations  that  give  rise  to  or 
precede  nausea  are  asssociated  in  our  minds  with  disagreeable 
impressions,  and  no  doubt  mental  oi)erations  have  much  to  do 
with  its  production.  A  child,  free  from  affection,  may  be  heard 
to  say  of  a  castor-oil  bottle  which  in  itself  is  not  ugly,  *'  I  can't 
bear  to  look  at  it ;  the  very  thought  of  it  makes  me  feel  sick.*' 

Without  any  participation  on  the  part  of  the  mental  functions, 
unavoidable  nausea  may  come  on  from  irregular  movement,  as 
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that  of  a  ship,  which  often  causes  nausea  in  those  unaccustomed 
to  the  sea.  Certain  conditions  of  the  blood  flowing  through  the 
nerve  centres  also  causes  nausea,  as  when  emetics  are  injected 
into  the  blood. 

Giddiness,  which  consists  of  a  feeling  of  inability  to  keep  the 
normal  balance,  is  often  produced  in  connection  with  the  last  by 
irregular  movements,  but  more  surely  by  a  rotatory  motion  of 
the  body.  Other  afferent  influences  may  give  rise  to  it,  viz.,  from 
the  stomach,  in  some  cases  of  irritation ;  from  the  eye,  when  we 
look  from  a  height ;  from  the  semicircular  canals  of  the  ear  by 
rotation  of  the  body ;  and  also  from  conditions  of  the  blood,  as 
in  alcoholic  toxaemia. 

Shivering  is  the  result  of  a  peculiar  nervous  effect  produced  by 
afferent  influences  of  an  unpleasant  kind  ;  the  sudden  application 
of  cold  to  the  skin,  a  revolting  sight,  a  shrill  noise,  or  an 
intensely  nasty  taste — all  excite  a  nervous  condition  which 
makes  us  shiver. 

Titillation  follows  light  stimulation  of  certain  parts  of  the 
cutaneous  surfaces.  It  is  a  {jeculiar  general  sensation,  in  modera- 
tion not  disagreeable,  and  usually  accompanied  by  a  tendency  to 
meaningless  laughter  and  other. reflex  movements. 
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CHAPTER  XXXI. 

TASTE  AND  SMELL. 

SENSE  OF  TASTE. 

Next  to  the  sense  of  touch,  which  is  unevenly  distributed  over 
the  whole  cutaneous  surface,  taste  is  anatomically  the  least  accu- 
rately localized.  Though  confined  to  the  mouth,  its  more 
accurate  limitations  are  not  easily  fixed.  The  point,  sides  and 
posterior  sides  of  the  dorsum  of  the  tongue  can  appreciate  tastes ; 
and  probably  parts  of  the  palate  also  have  the  power,  but  in  a 
much  less  degree.  Indeed,  though  "  the  palate**  is  often  spoken 
of  as  if  it  were  the  seat  of  taste,  it  really  enjoys  an  insignificant 
share  of  this  function  compared  with  the  tongue. 

The  power  of  being  stimulated  by  various  tastes  is  not 
restricted  to  the  terminals  of  any  one  nerve,  but  is  shared  by 
some  of  those  of  at  least  three  trunks,  which  also  transmit  im- 
pulses arising  from  other  forms  of  stimulation.  The  glosso- 
pharyngeal division  of  the  8th  pair  sends  branches  to  the  posterior 
part  of  the  tongue,  which  are  no  doubt  connected  with  the 
special  taste  organs.  The  lingual  branches  of  the  5th — com- 
monly called  the  gustatory  nerve — have  also  terminals  capable 
of  being  excited  by  taste,  and  probably  some  fibres  of  the  chorda 
tympani  are  employed  in  this  function. 

In  the  furrows  around  the  circumvallate  papillae,  and  also,  but 
more  sparsely,  on  the  sides  of  the  fungiform  papillae  of  the 
tongue,  are  found  peculiar  organs  called  "  taste  buds**  or  **  taste 
goblets.**  They  are  imbedded  in  the  stratified  epithelium,  with 
the  cells  of  which  their  outer  layers  are  intimately  connected. 
They  are  flask-shaped  bodies,  composed  of  concentric  series  of 
modified  epithelium  cells  arranged  like  the  staves  of  a  barrel, 
pinched  together  at  the  base  and  at  the  free  surface,  where  they 
closely  surround  the  projecting  points  of  the  central  elements. 
These  consist  of  nucleated  bars,  supposed  to  be  the  nerve  ter- 
minals. The  whole  arrangement  reminds  one  somewhat  of  the 
construction  of  the  head  of  a  ripe  artichoke. 


SENSE  OF  TASTE. 


Nerves  can  be  seen  entering  these  bodies,  and  are  in  all  proba- 
bility directly  connected  with  the  modified  epithelial  celts  of 


Ciifii  HI  valla  le  pApillx.     3-   Fungiform  papillz.     4.   Filirarm  paptllic,     (Sa^/r^^ 

which  they  are  made  up.     The  relation  of  the  glosso- pharyngeal 
nerves  to  these  taste  buds  has  been  shown  by  the  fact  that  in  the 
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rabbit  (in  which  animal  they  are  crowded  together  in  a  special 
organ  so  as  to  be  easily  found)  they  degenerate,  and  in  a  few 
months  disappear,  after  one  of  these  nerves  has  been  cut. 

The  genuine  tiste  sensations  are  very  few.  Much  of  what  we 
commonly  call  taste  depends  almost  exclusively  upon  the  smell 
of  the  substance,  and  we  habitually  confuse  the  impressions 
derived  from  these  two  senses,*  The  different  tastes  have  been 
divided  into  four,  viz.,  sweet,  sour,  bitter  and  salty,  under  some 


a,  fibtou<>  ti»uc  of  pipilU:  d  and  f.cDilhclial  covering  ofpaplILii  t,  uiie  budi.    On 

one  or  other  of  which  headings  all  our  tastes,  projierly  so  called, 
would  naturally  fall.  Though  this  cla.ssification  has  no  just  claim 
to  l>eing  a  chemical  one,  it  is  interesting  to  know  that  each  taste 
pretty  well  corresponds  to  a  distinct  group  of  substances  chemi- 
cally allied  one  to  the  other.     Thus,  acids  are  sour,  alkaloids  are 

only  >  imell  which  wc  hahiliiilly  rimrniind  wilh  Utte,  haring  minglEil  the  upericncc 
ohlnlned  rrom  the  l»o  ««...».     Thus,  if  the  draft  of  air  be  carefully  excluded  frMIl  Ihe  tMK, 
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bitter,  the  soluble  neutral  salts   of  the  alkalies  are  salty,  and 
polyatomic  alcohols,  as  glycerine,  grape  sugar,  etc.,  are  sweet. 

These  substances  probably  act  on  the  nerve  terminals  as 
chemical  stimuli,  l)ecau.se  they  must  be  in  solution  to  be  appre- 
ciated. If  solid  particles  be  placed  on  the  tongue  they  must  be 
dissolved  in  the  mouth  fluid  before  they  can  excite  the  taste 
organs. 

In  order  to  explain  the  appreciation  of  the  different  tastes,  we 
may  imagine  that  there  are  different  kinds  of  terminals,  each  of 
which  is  or  is  not  influenced  by  various  substances  as  they  possess 
a  special  sweet,  sour,  bitter  or  salt  energy.  From  these  different 
terminals  pass  fibres  bearing  impulses  to  certain  central  cells, 
each  of  which  is  capable  of  exciting  a  sweet,  sour,  bitter  or 
salty  sensation,  as  the  case  may  be. 

SENSE  OF  SMELL. 

The  numerous  delicate  nerves  which  pass  from  the  olfactory 
bulb  to  the  mucous  membrane  of  the  upper  and  part  of  the 
middle  meatus  of  the  nose  form  the  special  nerves  of  smell. 
When  certain  subtle  particles  we  call  odors  come  in  contact  with 
the  terminals  of  these  nerves  they  excite  impulses  which,  on 
arriving  in  the  special  centres  of  the  brain,  give  rise  to  the 
impressions  of  smell. 

Anatomically,  the  relations  of  the  olfactory  region  are  well 
defined.  Its  mucous  membrane  is  not  covered  with  motile  cilia, 
as  is  that  of  the  rest  of  the  nasal  cavity,  and  it  is  less  vascular 
and  peculiarly  pigmented,  looking  yellow  to  the  naked  eye  when 
compared  with  the  neighboring  membrane.  The  epithelial  cells 
are  elongated  into  peculiar  cylinders,  between  which  lie  long 
thin  rods,  ending  on  the  surface  in  free  hair-like  processes.  The 
deeper  extremities  of  these  rod-shaped  filaments  expand  to  sur- 
round a  nucleus,  and  are  then  continued  into  a  network  of 
filaments,  into  which  prolongations  of  the  epithelial  cells  also 
seem  to  pass,  and  in  which  the  delicate  fibrils  of  the  olfactory 
nerve  can  be  traced.  The  existence  of  direct  communication 
between  the  nerves  and  the  rod-shaped  filaments  and  the  epithe- 
lial cells  is  satisfactorily  established  in  some  animals. 

47 
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The  odorous  particles  must  be-in  the  form  of  gases,  in  order  to 
be  carried  by  the  air  into  the  olfactory  region,  and  the  air  must 
be  kept  in  motion,  by  sniffing  it  in  and  out  of  the  nasal  cavity, 
in  order  to  excite  the  nerve  terminals,  which  are  not  induenced 
by  the  odors  of  air  absolutely  at  rest,  though  it  be  in  contact 
with  the  mucous  membrane  of  the  olfactory  tract. 

The  extreme  delicacy  of  appreciation  of  odors  by  the  olfactory 
nerve  terminals    is  very  remarkable.      Even  in  human  beings. 


t  k>tl  of  Ihc  olCiclt 


whose  sense  of  smell  is  but  poorly  developed  when  compared 
with  that  of  animals,  an  amount  of  odorous  substance  can  be 
perceived  which  the  finest  chemical  tests  fail  to  appreciate.  Thus, 
Valentin  has  estimated  that  the  two<millionth  of  a  milligram  of 
musk  is  sufficient  to  e.xcite  the  specific  energy  of  a  man's  olfac- 
tory apparatus. 

No  satisfactory  classification  of  odors    has   been  made  out. 
The  common  division  into  agreeable  and  disagreeable  smelts,  or 
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scents  and  stinks,  is  dissimilar  in  different  individuals,  and  there- 
fore cannot  have  a  physiological  basis. 

With  smell,  as  with  taste,  no  degree  of  intensity  of  stimula- 
tion can  be  said  to  produce  pain,  though  disgust,  nausea,  vomit- 
ing, and  many  other  nervous  operations,  may  be  induced  by 
various  smells.  The  appetites  are  either  excited  or  annulled  by 
different  excitations  of  the  olfactory  nerves. 
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CHAPTER  XXXII. 
VISION. 

Next  in  importance  to  those  impulses  which  we  receive  from 
the  skin  are  those  conveyed  to  the  brain  from  the  outer  world  by 
the  second  pair  of  cranial,  or  the  optic  nerves. 

The  ending  of  the  optic  nerve  differs  from  any  of  those  met 
with  in  the  skin,  by  being  enclosed  in  a  very  specially  arranged 
organ — the  eyeball — an  apparatus  for  bending  the  rays  of  light, 
so  that  they  exactly  reach  the  delicate  sheet  of  complicated 
nerve  ending  which  is  here  spread  out.  Only  the  blood  and 
other  tissues  of  the  eye  come  in  contact  with  the  endings  of  the 
optic  nerve,  which  are  thus  placed  out  of  the  way  of  ordinary 
nerve  stimulation. 

Further,  the  light,  of  which  the  optic  nerves  convey  intelli- 
gence to  the  brain,  is  not  properly  a  nerve  stimulus,  being  merely 
the  waving  of  an  imponderable  medium,  the  existence  of  which 
is  assumed.  Besides  the  special  arrangements  in  the  eyeball  for 
bringing  the  rays  of  light  to  bear  on  the  nerve  endings,  there 
must  here  be  some  extremely  sensitive  arrangement  by  which 
the  ether  waves,  which  we  call  light,  can  be  converted  into  a 
nerve  stimulus,  or  in  some  way  made  to  affect  the  nerve  terminals 
in  the  retina. 

By  means  of  the  sense  of  sight  we  obtain  knowledge  of  objects 
at  a  distance  from  us,  because  all  these  objects  reflect  more  or 
less  light,  and  thus  make  different  impressions  upon  the  terminals 
of  the  optic  nerve  forming  the  outer  layer  of  the  retina. 

Light,  then,  is  the  adequate  stimulus  for  the  retinal  nerve  end- 
ings, and  the  impulse  caused  by  light  is  the  only  impression  the 
optic  nerve  is  in  the  habit  of  carrying  to  our  sensoria,  where  the 
sensation  of  light  is  formed  and  distributed  among  the  cells  of 
the  brain,  so  as  to  enable  us  to  come  to  visual  judgments  and 
conclusions.  As  already  mentioned,  no  matter  what  stimulus 
electric,  mechanical,  or  other,  be  applied  to  the  fibres  of  the  optic 
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nerve,  the  sensation  produced  is  simply  light,  and  this  is  thought 
of  as  if  it  came  through  the  eye  from  the  outer  world. 

The  study  of  the  function  of  vision  may  be  divided  into :. — 

1.  The  path  the  light  takes  on  its  way  through  the  eye  to 
reach  the  retina. 

2.  The  molecular  changes  in  the  retina  which  give  rise  to 
stimulation  of  the  optic  nerves. 

3.  The  sensations  arising  in  the  sensorium  as  the  result  of  the 
molecular  changes  set  up  in  the  cerebral  nerve  cells  by  the  im- 
pulses from  the  optic  nerve. 

4.  The  visual  perceptions  and  judgments  which  our  conscious- 
ness is  capable  of  elaborating  from  the  visual  sensations. 

THE  TUNICS  OF  THE  EYEBALL. 

The  organ  of  vision  of  vertebrate  animals  is  enclosed  in  a  firm 
case  of  fibrous  tissues  called  the  sclerotic  coat,  which  is  continuous 
with  the  sheath  of  the  optic  nerve.  It  is  seen  between  the  eye- 
lids under  the  transparent  conjunctiva,  and  known  as  the  white 
of  the  eye.  It  gives  shape  and  protection  to  the  eye,  and  though 
translucent,  is  not  transparent.  In  front,  a  round,  window-like 
portion,  called  the  cornea,  forms  the  anterior  segment  of  this 
protecting  covering  of  the  eyeball.  The  cornea  is  distinguished 
from  the  sclerotic  not  only  by  its  glass-like  transparency,  but 
also  by  being  part  of  a  lesser  sphere  than  the  sclerotic,  and  thus 
projecting  a  little  more  than  the  rest  of  the  bulb. 

Closely  attached  to  the  in.side  surface  of  the  sclerotic  is  a  soft, 
thin,  black,  vascular  sheet  of  tissue  called  the  choroid  coat,  which 
supplies  the  eyeball  with  blood.  It  is  made  up  chiefly  of  blood 
vessels  and  stellate,  pigmented,  connective  tissue  cells.  Its  outer 
layer  is  traversed  by  arteries  and  veins  of  relatively  large  size, 
and  its  inner  layer  is  composed  of  a  dense  network  of  close- 
meshed  capillary  vessels.  As  the  cornea  region  is  approached, 
the  choroid  is  peculiarly  modified  and  thrown  into  folds,  called 
ciliary  processes,  forming  a  series  of  vascular  folds,  radiating  from 
the  margin  of  the  cornea.  At  the  edge  of  the  cornea  the 
choroid  is  more  firmly  attached  to  the  sclerotic  by  a  circular 
muscle  {ciliary  muscle^,  and  also  by  bands  of  tissue  from  the 
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posterior  surface  of  the  cornea,  which  hold  it  in  position ;  the 
fibres  of  the  ciliary  muscle,  running  under  the  ciliary  processes, 
radiate  from  the  margin  of  the  cornea  toward  the  choroid,  to 
which  they  are  attached.  In  a  modified  form,  known  as  the  iris^ 
this  vascular  and  pigmented  coat  of  the  eye  leaves  the  sclerotic, 
and  hangs  freely  in  a  fluid,  being  recognized  through  the  clear 

Fig.  ai6. 


Diagram  of  a  horizontal  section  through  the  human  eye. 

I.  Cornea:  i'.  Conjunctiva;  a.  Sclerotic:  3.  Choroid;  4.  Ciliary  processes ;  4'.  Ciliary 
muscle :  5.  Suspensory  ligament  of  lens ;  6.  So-called  posterior  chamber,  between  the 
iris  and  tne  lens;  7.  Iris;  7'.  Anterior  chamber  in  front  of  the  iris;  8.  Optic  nerve; 
8'.  Entrance  of  central  artery  of  the  retina  ;  8'^  Central  depression  of  retina  or  yellow 
spot;  9.  Anterior  limit  of  the  retina;  10.  Canal  of  Petit  in  front  of  the  hyaloid  mem- 
brane; II.  Aqueous  chamber;  13.  Crystalline  lens  ;  13.  Vitreous  humor ;  14.  Circular 
venous  sinus  which  lies  around  the  cornea;  a — a,  anterior-posterior,  and  b — b,  trans- 
verse axis  of  bulb. 


cornea  as  a  colored  circular  curtain,  attached  to  the  inside  of 
the  periphery  of  the  cornea,  having  a  central  aperture,  which 
looks  black,  and  is  familiarly  known  as  the  pupil.  The  pupil  is 
merely  an  opening  in  the  iris,  which  allows  the  rays  of  light 
to  pass  into  the  interior  of  the  eyeball. 
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Besides  supplying  nutrition  to  the  n  on -vascular  central  parts 
of  the  eyeball,  the  choroid  is  useful  in  vision  by  preventing  the 
reflection  of  the  light  from  the  background  of  the  eye  in  such  a 
way  as  would  cause  irregularity  of  its  distribution,  and  thus 
dazzle  ahd  interfere  with  the  distinctness  of  the  image.  The 
choroid  is  elastic,  and  can  move  over  the  neighboring  sclerotic; 
it  can  be  drawn  forward  by  the  contraction  of  the  radiating  cili- 
ary muscle,  which  acts  as  a  tensor  of  the  choroid  membrane. 


Showinn  the  CCHinx  of  the  libiu  of  (he  oplic  nrm.  N.  u  they  pu.1  along  the  inner  lur- 

The  iris  has  a  sjiecial  i>ower  of  motion,  by  means  of  which  the 
opening  in  it  can  be  made  smaller,  so  as  to  regulate  the  amount 
of  light  admitted  to  the  eye,  and  cut  off  more  or  less  of  the  rays 
which  would  pass  through  the  margin  of  the  dioptric  media. 
The  importance  of  this  will  be  better  understood  further  on. 

Within  the  choroid  coat,  and  in  immediate  contact  with  it,  is 
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the  nervoiis  coat,  or  retina^  formed  by  the  expansion  of  the  optic 
nerve,  which  passes  toward  the  sclerotic  obliquely,  and  enters  it 
somewhat  to  the  nasal  side  of  the  axis  of  the  eye.  The  retina 
lines  all  the  back  part  of  the  eyeball,  and  stretching  forward, 
becomes  fused  with  the  ciliary  processes,  where,  however,  the 
nervous  elements  of  the  coat  are  wanting.  The  fibrils  of  the 
optic  nerve  reach  the  inner  surface  of  the  coats  of  the  eye,  and 
lie  in  immediate  relation  to  the  transparent  medium,  which  occu- 
pies the  greater  part  of  the  bulb.  The  fibres  then  lie  internally 
to  their  terminals,  which  turn  outward  and  are  set  against  the 
choroid  coat.  The  ultimate  nerve  endings  are  situated  in  pig- 
mented protoplasmic  cells,  which  form  the  outer  layer  of  the 
retina. 

THE  DIOPTRIC  MEDIA  OF  THE  EYEBALL. 

The  transparent  substances  which  fill  the  eyeball  are,  together 
with  the  cornea^  called  the  dioptric  media.  The  aqueous  humor 
lies  in  contact  with  the  posterior  surface  of  the  cornea,  and  just 
fills  the  prominence  w-hich  is  formed  by  this  part  of  the  eye.  It 
is  in  this  fluid  that  the  movable  iris  is  stretched  and  separates 
the  aqueous  department  of  the  eye  into  anterior  and  i)osterior 
chambers.  The  vitreous  humor  occupies  much  the  larger  share 
of  the  eyeball.  It  Kes  in  apposition  to  the  retina,  being  separated 
from  it  only  by  a  thin,  transparent  structure  called  the  hyaloid 
membrane^  which  encloses  the  clear,  gelatinous  vitreous  humor, 
and  is  fiised  with  the  ciliary  part  of  the  retina  and  choroid.  The 
vitreous  humor  is  developed  from  the  young  connective  ti.ssue  of 
the  mesoblast,  and  we  find  in  the  adult  that  mucus  is  the  most 
abundant  chemical  substance  in  its  texture,  though  the  branched 
cells  of  the  original  mucous  tissue  have  nearly  all  disappeared. 

The  most  important  of  the  dioptric  media  is  the  crystalline  lens. 
It  is  placed  between  the  aqueous  and  the  vitreous  humors,  just 
behind  the  iris,  which  lies  in  contact  with  its  anterior  surface.  It 
is  like  a  strong  magnifying  glass,  biconvex  in  .shape,  the  ix)ste- 
rior  surface  being  more  convex  than  the  anterior.  The  lens  is 
much  harder  than  the  vitreous  humor,  but  its  outer  layers  are 
little  denser  than  a  stiff*  jelty.  It  is  enclosed  by  a  firm,  elastic 
capsule,  which  is  drawn  tightly  over  the  anterior  surface,  and  influ- 
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ences  its  shape.  The  lens  is  held  in  its  position  by  the  suspensory 
ligament,  a  thickened  part  of  the  hyaloid  membrane,  which  is 
continued  forward  and  attached  to  the  anterior  surface  of  the 
capsule,  near  its  margin.     The  lens  and  its  capsules,  together 


0  0  % 


with  the  vitreous  humor,  may  be  said  to  be  enclosed  in  the  hya- 
loid membrane,  which,  in  front,  is  thickened  and  attached  to  the 
ciliary  part  of  the  choroid  and  the  capsule.  Thus,  any  tension 
exercised  by  the  suspensory  ligament  tends  to  tighten  the  ante- 


len>  :  t.  Opiii:  cup  :  a.  Epidcrniil. 

-  rior  part  of  the  capsule  and  flatten   the 
lens. 

The  shape  of  the  lens  varies  at  different  times  of  life,  being 
nearly  spherical  in  the  infant  and  tending  to  become  less  convex 
in  old  age  (Fig.  218).     The  lens  is  developed  from  the  outer 
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layer  of  the  embryo  by  the  gradual  thickening  and  growing 
inward  of  the  epithelium,  which  meets  the  optic  cup,  and  after  a 
time  is  cut  off  from  the  parent  tissue.  Thestagesof  its  develop- 
ment may  be  followed  in  the  preceding  wood-cuts  (Fig.  219). 

The  lens  is  composed  of  a  number  of  peculiar  band-like  cells, 
derived  from  the  epithelium.     These  are  cemented  together  in 


junctlva ;  d.  ,,   r«D  Uyen  of  opiic  cup  formine  relina  :  /.  Cell  of  miicoui   liitiM  of  ihc 
•itreous  humar :  g.  InlercclliiLir  lubilxiCE  ;  k.  Developing  optic  nEm. 

parallel  rows,  eccentrically  arranged  in  layers.     These  bands  are 
hexagonal  in  transverse  section,  and  in  the  younger  periods  of    . 
life  may  be  seen  to  contain  nuclei. 

In  the  living  state  the  lens  is  perfectly  transparent,  but  after 
death  it  becomes  slightly  opaque.  The  nutriment  for  the  adult 
lens  is  derived  from  the  ves.sels  of  the  choroid,  which,  however, 


THE   DIOPTRIC  MEDIA  OF  THE    EYEBALL.  563 

do  not  come  into  direct  commtmication  with  its  texture.  On 
this  account  the  nutrition  of  the  lens  is  not  so  perfect  as  that  of 
many  other  tissues,  and  is  but  imperfectly  repaired  after  injury, 


which  always  leaves  more  or  less  opacity.     Even  without  injury, 
ojiacity,  giving  rise  to  cataract,  sometimes  occurs  during  life. 


5^4 
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Chemically,  the  lens  is  made  up  of  globulin,  and  furnishes  a 
ready  source  for  obtaining  this  form  of  albumin  for  examination. 

DIOPTRICS  OF  THE  EYE. 

Light  travels  through  any  even  transparent  body,  such  as  the 
atmosphere,  in  a  straight  line.  But  when  it  meets  any  change 
in  density,  particularly  when    it  has  to  pass  obliquely  into  a 

Fig.  23a. 


Diagram  showing  the  coiirxe  of  parallel  rays  of  light  from  A  in  their  passage  through  a 
biconvex  lens  L,  in  which  they  are  so  refracted  as  to  bend  toward  and  come  to  a  focus  at  a 
point  F. 

denser  medium,  the  ray  is  bent  so  as  to  run  in  a  direction  more 
perpendicular  to  the  surface  of  the  denser  body.  The  degree  of 
bending  or  refraction  of  the  rays  depends  on  the  difference  in 
optical  density  of  the  two  media  and  the  angle  at  which  the  ray 
strikes  the  surface  of  the  more  dense.- 

On    its  way   to   the  sen.sitive  retina,    the   light  has  to  pass 


Fig.  223. 


Diagram  showing  the  course  of  diverging  rays,  which  are  bent  to  a  point  further  from  the 

lens  than  the  parallel  rays  in  last  figure. 

through  the  various  transparent  media  just  named,  viz.,  the 
cornea,  the  aqueous  humor,  the  crystalline  lens,  and  the  vitreous 
humor.  On  entering  these  media,  which  have  different  densities, 
the  rays  of  light  emitted  by  any  luminous  body  become  bent  or 
refracted,  so  that  they  are  brought  to  a  focus  on  the  retina,  just 
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in  the  same  way  as  parallel  rays  of  light  from  the  sun  may  be 
focused  on  a  near  object  by  means  of  an  ordinary  convex  lens. 

Only  so  much  light  reaches  the  fundus  of  the  eye  as  can  pass 
through  the  opening  in  the  iris,  so  that  a  comparatively  narrow 
and  varying  beam  is  admitted  to  the  chamber  in  which  the  nerve 
endings  are  spread  out  for  its  reception. 

If  we  hold  a  biconvex  lens  at  a  certain  distance  from  the  eye 
and  look  out  of  the  window  through  it,  we  see  an  inverted  image 
of  the  landscape.  If  we  place  a  piece  of  transparent  paper 
behind  the  lens,  we  can  throw  a  representation  of  the  picture  on 
it,  which  will  be  seen  to  be  inverted.  This  power  of  convex 
lenses  is  employed  in  the  instrument  used  for  taking  photographs, 
called  a  camera^  which  consists  of  a  box  or  chamber  into  which 
the  light  is  allowed  to  pass  through  a  convex  lens,  so  that  an 
inverted  image  of  the  objects  before  it  is  thrown  upon  a  screen 
of  ground  glass  within  the  box.  When  the  sensitive  plate  re- 
places the  screen,  the  light  coming  through  the  lens  makes  a 
photograph. 

Just  in  the  same  way  an  inverted  image  of  the  things  we  look 
at  is  thrown  on  the  retina  by  the  refracting  media  of  the  eye. 
This  may  be  seen  in  a  dark  room,  if  a  candle  be  placed  at  a 
suitable  distance  in  front  of  the  cornea  of  an  eye  taken  from  a 
recently  killed  white  rabbit.  When  cleared  of  fat  and  other 
opaque  tissues,  the  sclerotic  is  transparent  enough  to  act  as  a 
screen  upon  which  the  inverted  candle  flame  can  be  recognized. 

Though  our  organ  of  vision  is  often  compared  to  a  camera 
obscura^  the  refractions  of  light  which  occur  in  it  are  far  more 
complex  than  those  taking  place  in  that  simple  instrument.  In 
the  latter  we  have  only  two  media — the  glass  lens  and  the  air ; 
in  the  eye,  on  the  other  hand,  we  have  several,  which  are  known 
to  have  a  distinct  refractive  influence  on  the  rays  which  pass 
through  the  pupil. 

THREE  MEDIA  AND  REFRACTING  SURFACES. 

Since  the  surfaces  of  the  cornea,  however,  are  practically 
parallel,  we  may  neglect  the  difference  between  it  and  the 
aqueous  humor,  and  look  uf)on  the  two  as  one  medium,  having 
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in  front  the  shape  of  the  anterior  surface  of  the  cornea,  and  be- 
hind, the  anterior  surface  of  the  lens,  so  as  to  form  a  concavo- 
convex  lens.     We  thus  have  only  three  media  to  consider,  \'u., 

( 1 )  the  aqueous  humor  and  cornea ;  (2)  the  lens  and  its  capsule ; 
and  (3)  the  vitreous  humor.  And  only  three  refracting  surfaces 
need  be  enumerated,  viz.,  (i)  the  anterior  surface  of  the  cornea; 

(2)  the  anterior  surface  of  the  lens ;  and  (3)  the  posterior  surface 
of  the  lens. 

These  refracting  surfaces  may  all  be  looked  upon  as  portions 
of  spheres  whose  centres  lie  in  the  same  right  line,  and  hence 
may  be  said  to  have  a  common  axis.  The  eye  may  be  regarded 
as  an  optical  system,  centred  round  an  axis  which  passes  through 


I'hoK  from  <•'  DiEel  11  f,  and  Ihiu  ihe  [awa  point  bcconcs  the  uppei. 

the  middle  point  of  the  cornea  in  front,  and  the  central  depres- 
sion (fovea  centralis)  of  the  retina  behind.  This  is  spoken  of  as 
the  optic  axis  of  the  eye. 

The  rays  of  light  entering  the  eye  are  most  strongly  refracted 
at  the  surface  of  the  cornea,  because  they  have  to  pass  from  the 
rare  medium,  the  air,  to  the  denser  cornea  and  aqueous  humor. 
So  also  more  bending  of  the  rays  occurs  between  the  aqueous 
humor  and  the  anterior  surface  of  the  lens  than  between  the  pos- 
terior surface  of  the  lens  and  the  vitreous  humor. 

'ITie  lens  is  not  of  the  same  density  throughout,  but  denser  in 
the  centre,  and  being  made  up  of  layers,  the  central  part  refracts 
more  than  the  outer  lay  ere. 
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The  manner  in  which  the  immersion  of  the  image  is  produced  by 
a  convex  lens- is  shown  in  the  preceding  figure,  in  which  the  lines 
correspond  to  the  rays  passing  from  two  points  through  the  lens. 
If  the  arrow  a  a!  be  taken  for  the  object,  from  either  extremity 
of  it  rays  pass  through,  and  are  more  or  less  bent  by  the  lens.  It 
will  be  sufficient  to  follow  the  course  of  three  rays  from  the  head 
of  the  arrow.  One  of  these  passes  through  the  centre  of  the  lens, 
and  leaves  it  in  the  same  direction  which  it  entered,  because  the 
two  surfaces  at  the  points  where  it  entered  and  left  may  be  re- 
garded as  parallel,  and  so  cause  no  refraction.  The  rays  which  do 
not  pass  through  the  centre  are  bent  on  entering  and  on  leaving 
the  lens,  so  that  they  all  meet  at  the  same  point  and  there  pro- 
duce an  image  of  the  head  of  the  arrow,  at  If ,  In  the  same  way 
the  feather  end  of  the  arrow  is  produced  at  b ;  the  position  of 
the  image  of  the  object  is  thus  reversed  by  the  light  rays  passing 
through  the  lens. 

In  a  biconvex  lens,  with  two  surfaces  of  the  same  degree  of 
convexity,  the  central  point  through  which  the  rays  pass  without 
being  refracted  is  easily  made  out,  as  it  is  the  geometrical  centre 
of  the  lens.  This  central  point  is  spoken  of  as  the  optical  centre. 
With  systems  of  lenses  of  varying  convexity,  and  more  than  one 
in  number,  as  we  have  in  the  eye,  where  the  rays  of  light  are 
bent  at  different  surfaces,  it  is  much  more  difficult  to  determine 
the  optical  centre.  However,  by  means  of  the  measurements 
made  by  Listing,  two  points  close  together  are  known,  which 
may  be  said  to  correspond  practically  with  the  optical  centres  of 
the  eye ;  they  lie  in  the  lens,  between  its  centre  and  posterior 
surface.  The  path  of  the  various  rays  may  thus  be  exactly  made 
out.* 

The  rays  which  come  from  a  distant  luminous  point  and  fall 
upon  the  eye,  are  refracted  by  the  cornea  and  aqueous  humor,  so 
as  to  be  made  convergent  on  their  way  to  the  lens ;  they  are  then 


*  The  impossibility  of  making  clear  the  important  relationships,  such  as  nodal  points,  and 
other  constants  of  the  eye  in  a  short  text-book,  and  the  deterrent  effect  exerted  upon  the 
mind  of  a  junior  student  by  brief  incomprehensible  statements,  have  induced  the  author  to 
omit  this  part  of  the  subject.  He  must  refer  those  who  are  anxious  to  learn  the  cardinal 
points  of  the  eye,  to  the  more  advanced  text-books. 
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further  bent  at  the  surfaces  of  the  lens,  so  that  they  are  brought 
exactly  to  a  point  on  the  retina.  That  is  to  say 3^  for  distant 
luminous  points,  the  retina  lies  exactly  in  the  plane  of  focus  of 
the  dioptric  media  of  the  normal  eye. 

This  convergence  of  the  rays  to  a  point  on  the  retina,  is  the 
first  essential  for  seeing  clear  and  distinct  images  ;  for  if  the  rays 
from  each  point  of  a  luminous  body  were  not  united  on  the  retina 
as  points,  the  effects  of  the  different  rays  from  the  various  points 
of  a  body  would  become  mixed,  and  there  would  be  loss  of  defi- 
nition of  its  image. 

The  rays  from  any  bright  point  which  enter  the  eye  through 
the  pupil  may  be  imagined  to  form  a  luminous  cone,  the  point  of 
which  lies  at  the  retina,  and  its  base  at  the  pupil.  After  their 
union  at  the  point  of  the  cone,  the  rays  would  diverge  again  if 
the  retina  were  not  there  to  receive  them. 

SCHEINER'S  EXPERIMENT. 

It  may  be  seen  from  the  foregoing  figure  that  if  the  retina, 
which  normally  would  lie  at  2,  were  placed  nearer  the  dioptric 
apparatus,  say  at  i,  or  further  from  it,  at  3,  it  would  not  meet 
the  exact  point  of  the  luminous  cone,  but  would  receive  the  rays 
either  l)efore  they  came  to  a  point,  or  after  they  had  diverged 
from  it.  Thus  indistinct  rings  of  light  would  be  seen  instead  of 
one  luminous  point,  and  an  image  would  be  blurred  and 
indefinite. 

From  this  it  follows  that  the  eye,  when  quite  passive,  can  only 
get  an  exact  image  of  bodies  which  are  placed  at  a  certain  dis- 
tance from  it,  just  as,  for  any  given  state  of  a  camera,  only  those 
bodies  in  one  plane  come  into  focus  and  give  a  clear  picture  on 
the  screen.  If  the  dioptric  apparatus  of  the  eye  were  rigid  and 
unalterable,  since  the  relation  of  the  retina  to  it  is  permanently 
the  same,  we  could  only  see  those  objects  clearly  which  are  at  a 
given  distance  from  the  eye.  We  know,  however,  that  we  see  as 
distinct  an  image  of  distant  as  of  near  objects,  and  we  can  look 
through  the  window  at  a  distant  tree,  or  can  adjust  our  eyes  so 
as  to  see  a  fly  walking  on  the  window  pane.  We  cannot  see  both 
distinctly  at  the  same  moment.     This  power  of  focusing  may 
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be  demonstrated  by  what  is  known  as  Scheiner's  experiment, 
which  is  carried  out  in  the  following  way. 

Two  pin  holes  are  made  in  p^ 

a  card  at  a  distance  from  each 
other  not  wider  than  the  diam- 
eterof  the  pupil.  The  card  is 
then  brought  close  to  the  eye, 
so  that  a  small  object — such  as 
the  head  of  a  bright  pin — can 
be  seen  through  the  holes. 
The  dioptric  media  being 
fixed,  moving  the  object 
nearer  to  or  further  from  the 
eye    would    have    the    same 

effect  as  changing  the  relation  of  the  retina  to  mn  at p  q  in  Fig. 
225,  by  means  of  which  we  may  explain  the  following  observa- 
tions: (i)  The  eye  l>eing  fixed  upon  the  object  (of  which  only 
one  image  is  seen),  move  the  pin  rapidly  away ;  two  objects  now 
appear,  showing  that  the  rays  coming  through  the  holes  have  met 
before  they  reach  the  retina,  as  at  pq.  (2)  Move  the  pin  near 
the  eye ;  again  two  very  blurred  objects  are  seen,  for  the  rays 
have  not  met  when  they  strike  the  retina,  as  at  m  «.  (3)  Keep- 
ing the  object  in  the  same  jxisition,  alter  the  gaze,  as  if  to  look 
firet  at  distant  and  then  at  near  objects ;  in  both  extremes  two 
images  are  seen.  (4)  When  the  object  is  in  exact  focus,  as  at  c, 
the  closure  of  one  of  the  holes  does  not  affect  the  single  image. 
(5)  When  two  images  are  seen,  closing  the  right-hand  hole  at^ 
causes  the  right  or  left  image  to  disappear,  according  as  the  focus 
£  falls  short  of  mn  or  is  beyond  /  q,  the  retina.  (6)  By  moving 
the  pin's  head  nearer  the  eye,  a  point  is  reached  at  which  the 
object  cannot  be  brought  to  a  focus  as  a  single  image.  This  limit 
of  near  accommodation  marks  the  near  point.  A  little  attention 
teaches  us  that  looking  at  the  near  object  requires  an  effort  which 
looking  at  the  distant  one  does  not ;  in  fact,  we  have  to  do 
something  to  see  things  near  us  distinctly.  'I'his  act  is  the  vol- 
untary adjustment  of  the  eye  which  we  call  its  accommodation 
for  near  vision. 

48 
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ACCOMMODATION. 

The  difference  of  distance  for  which  we  can  adjust  our  eyes  is 
great,  so  that  our  range  of  distinct  vision  is  very  extensive.  As 
already  stated,  the  normal  eye  is  considered  to  be  constructed  so 
that  parallel  rays  of  light,  /*.  ^.,  those  coming  from  practically 
infinite  distance,  are  brought  to  a  focus  on  the  retina.  This  is 
why  we  see  the  stars — which  are  practically  infinitely  remote 
from  us — ^as  mere  luminous  points.  It  is,  therefore,  impossible 
to  fix  difar  limit  to  our  power  of  distant  vision.  The  nearer  an 
object  is  brought  to  our  eyes,  the  more  effort  is  required  to  see  it 
distinctly,  until  at  last  a  point  is  reached  where  we  cannot  get  a 
clear  outline,  no  matter  how  we  '*  strain  our  eyes.*'  For  a  nor- 
mal eye,  called  the  emmetropic  eye,  this  near  limit  is  about  1 2  cm. 
or  5  inches,  but  it  varies  in  different  individuals. 

For  objects  that  are  over  10  metres  distance,  very  little  change 
in  the  eye  is  required  to  see  each  distinctly,  and  the  nearer  the 
object  approaches,  the  more  frequently  the  adjustment  of  the  eye 
has  to  be  altered  to  see  it  clearly.  When  the  eye  is  focused  for 
any  point  within  the  limits  of  distinct  vision,  a  certain  range  of 
objects  at  different  distances  from  the  eye  can  be  recognized 
without  moving  the  adjustment.  The  range  of  this  power  is 
measured  on  the  line  of  vision,  and  called  ih^  focal  depth.  In 
the  distance  we  can  take  in  a  great  depth  of  landscape,  without 
effort  or  fatigue  ;  but  when  looking  at  near  objects  the  focal 
depth  is  less,  and  we  must  constantly  accommodate  our  eyes 
afresh  in  order  to  see  clearly  objects  at  slightly  different  distances 
because  of  the  shallowness  of  the  focal  depth  in  the  nearer  parts 
of  visual  distance. 

The  method  by  which  the  accommodation  of  the  eye  is  effected 
differs  from  anything  that  can  be  applied  to  an  artificial  optical 
instrument,  and  is  more  perfect. 

The  following  alterations  are  observed  to  occur  in  the  eye 
during  active  accommodation,  /.  e.,  when  looking  at  near  objects : 
(i)  The  iris  contracts  so  that  the  puj)il  becomes  smaller  ;  (2)  the 
central  part  of  the  anterior  surface  of  the  crystalline  lens  moves 
slightly  forward,  pushing  before  it  the  pupillary  margin  of  the 
iris,  so  that  the  lens  becomes  more  convex;  (3)  the  posterior 
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surface  of  the  lens  also  becomes  more  convex,  owing  to  the  general 
change  of  shape  of  the  Ifens,  but  the  centre  of  this  surface  does 
not  change  its  position  ;  (4)  both  eyes  converge. 

These  changes  can  be  seen  in  the  accompanying  diagram, 
showing  a  section  of  the  lens,  cornea  and  ciliary  region  (Fig. 
226),  in  the  left-hand  side  of  which  the  lens  is  drawn  in  the 
position  it  assumes  when  accommodated  for  near  objects.  These 
movements  can  be  seen  in  life  by  observing  the  changes  in  rela- 
tive positions,  etc.,  of  the  reflections  of  a  candle  flame  thrown 
from  the  cornea  and  the  two  surfaces  of  the  lens.  On  the  cor- 
nea is  seen  a  bright  upright  flame  :  next  comes  a  large  diffused 
reflection  from  the  anterior  surface  of  the  lens,  and  at  the  other 

Fio.  226. 


Diagram  showing  the  changes  in  the  lens  during  accommodation.  The  muscle  on  the  right 
is  supposed  to  be  passive  as  in  looking  at  distant  objects,  the  ligament  (L),  is,  therefore, 
tight,  and  compresses  the  anterior  surface  of  the  lens  (A)  so  as  to  flatten  it.  On  the  left  the 
ciliary  mascle  (M)  is  contracting  so  as  to  relax  the  ligament,  which  allows  the  lens  to  be- 
come more  convex.    This  contraction  occurs  when  looking  at  near  objects. 


side^of  this  a  small,  inverted  image  of  the  flame  reflected  from 
the  posterior  surface  of  the  lens.  When  the  adjustment  is 
changed  by  looking  from  a  far  to  a  near  object,  the  image  on 
the  front  of  the  lens  becomes  smaller  and  moves  toward  the 
centre  of  the  pupil.  The  image  on  the  back  of  the  lens  also 
becomes  smaller,  but  does  not  change  its  position.  The  amount 
of  movement  has  been  accurately  measured  by  a  special  instru- 
ment called  an  ophthalmometer.  The  motions  can  be  more  exactly 
studied  by  means  of  the  phakoscope,  a  dark  box,  in  which  prisms 
are  placed  before  the  observed  eye,  and  each  image  is  made 
double.  The  change  in  relative  position  of  the  two  is  more 
readily  recognized  than  a  mere  change  of  size  of  the  one. 
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Muscular  Mechanism  of  Accommodation. — The  alteration  in  the 
shape  of  the  lens  is  accomplished  by  the  action  of  the  muscular 
layer,  already  named,  which  radiates  from  the  edge  of  the  cornea 
to  the  ciliary  region  of  the  choroid  coat,  where  it  is  attached. 
When  the  ciliary  muscle  contracts,  it  draws  the  choroid  coat  and 
the  connections  of  the  suspensory  ligament  of  the  lens  slightly 
forward,  the  junction  of  the  cornea  and  sclerotic  being  its  fixed 
point.  Under  ordinary  circumstances,  the  eye  being  at  rest,  the 
suspensory  ligament  is  tense  and  exerts  a  radial  traction  on  the 
anterior  part  of  the  capsule  of  the  lens,  tending  to  stretch  it  flat ; 
this  affects  the  shape  of  the  soft  lens  and  reduces  its  convexity. 
When  the  ciliary  muscle  shortens,  it  draws  forward  the  attach- 
ment of  the  suspensory  ligament,  relaxes  it,  and  removes  the  ten- 
sion of  the  ca|>sule,  so  that  the  unconstrained  elastic  lens  bulges 
into  its  natural  form.  The  posterior  surface  cannot  extend  back- 
ward, because  there  it  is  in  contact  with  the  vitreous  humor, 
which  is  held  more  firmly  against  it  by  the  increased  tension 
of  the  hyaloid  membrane  during  the  contraction  of  the  ciliary 
muscle. 

Some  circular  muscular  fibres  help  to  relax  the  ligament  and 
relieve  it  from  the  increased  pressure  which  the  contraction  of 
the  radiating  fibres  must  indirectly  cause  on  the  vitreous  humor. 

The  act  of  accommodation  is  a  voluntary  one,  the  nerve  bear- 
ing the  impulse  to  the  ciliary  and  iris  muscles,  coming  from  the 
3d  nerve  by  the  ciliary  branches  of  the  lenticular  ganglion.  The 
local  application  of  the  alkaloid  of  the  belladonna  plant  (atropin) 
causes  paralysis  of  the  ciliary  muscle  and  wide  dilatation  of  the 
pupil ;  and  the  alkaloid  of  the  Calabar  bean  (physostigmin) 
produces  contraction  of  the  muscle  of  accommodation  and 
extreme  contraction  of  the  pupil. 

DEFECTS  OF  ACCOMMODATION. 

Myopia. — It  has  l)een  said  that  the  '*  near  limit**  of  distinct 
vision  differs  in  many  jKjrsons  from  the  twelve  centimeters  of  the 
normal  emmetropic  eye,  and  it  is  found  that  the  power  of  accom- 
modation varies  very  much  in  different  individuals.  Thus,  in 
**  short-sighted**  people,  who  have  myopic  eyes,  /.  ^.,  in  which 
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parallel  rays  are  focused  short  of  the  retina,  the  near  limit  may 
only  be  half  the  normal,/,  e.,  five  centimeters,  and  the  far  limit, 
which  is  normally  indefinite,  is  found  to  be  within  a  compara- 
tively short  distance  of  the  eye.  They,  therefore,  cannot  see  dis- 
tant objects  clearly,  since  the  rays  are  focused  before  the  retina 
is  reached,  and  then  diverging,  cause  difTusion  circles  and  a 
blurred  picture.  The  work  of  their  accommodation  is  also  much 
more  laborious,  since  they  can  only  seein  that  part  of  the  range 
of  accommodation  where  the  adjustment  has  to  be  altered  for 
slight  variations  of  distance.  The  defect  can  be  made  much  less 
distressing  by  the  use  of  concave  glasses,  which  make  parallel 
rays  strike  the  cornea  as  divergent  ones,  and  thus  allow  them  to 
be  focused  on  the  retina. 
Hypermetropia. — Another  abnormality  is  "  long  sight."  In  the 


from  the  poinl  a  on  pacing  Ihrougll  'he  cornea,  Itm,  «c.,  are  collecled  on  ihe  lelina  il 
t.    I'hOK  fruDi  ■'  meel  f,  and  Ihui  the  lover  point  bccomel  Ihc  upper. 

hypermetropic  eye,  parallel  rays  of  light  are  brought  to  a  focus 
at  a  point  beyond  the  retina,  so  that  divergent  or  parallel  rays 
cause  diffusion  circles  and  a  blurred  image.  This  may  be  cor- 
rected by  means  of  convex  glasses,  which  make  the  rays  conver- 
gent before  they  strike  the  corneal  surface,  and  thus  enable  them 
to  be  sooner  brought  to  a  focus  by  the  dioptric  media  of  the  eye. 
Presbyopia  is  the  name  given  to  a  change  in  the  perfectness 
of  accommodation  frequently  accompanying  old  age.  The  lens 
probably  becomes  less  elastic  and  the  ciliary  muscle  weaker,  so 
that  the  change  in  form  required  to  see  near  objects  is  difficult 
or  impossible  to  attain.  Biconvex  lenses  help  to  overcome  the 
difficulty. 
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DEFECTS  OF  DIOPTRIC  APPARATUS. 

In  common  with  all  dioptric  instruments  the  eye  has  certain 
optical  defects  which  tend  to  interfere  with  the  distinctness  of 
the  image. 

Chromatic  aberration  is  due  to  the  breaking  up  of  white  light 
into  several  colors,  owing  to  the  different  colored  rays  of  which 
ordinary  light  is  composed,  possessing  different  degrees  of  re- 
frangibility.  We  see  this  in  the  spectrum  and  in  the  colored 
rings  of  the  marginal  part  of  a  biconvex  lens  made  of  a  single 
kind  of  glass.  This  form  of  aberration  can  be  corrected  by  mak- 
ing lenses  of  two  kinds  of  glass,  one  of  which  counteracts  the 
dispersion  caused  by  the  other.  Optical  instruments  may  thus 
be  made  achromatic.  This  defect  is  minimized  by  the  iris,  which 
cuts  off  the  marginal  rays  in  which  it  is  most  apt  to  occur.  Pos- 
sibly the  different  density  of  the  various  parts  of  the  dioptric 
media  may  have  a  correcting  effect  on  the  chromatism  of  the 
eye.  Further  correction  takes  place  in  the  nerve  centres  which 
receive  the  sensation,  for  just  as  we  mentally  reinvert  the  image, 
we  are  unconscious  of  the  color.  At  any  rate,  the  chromatic 
aberration  is  so  slight  that  it  needs  certain  artifices  to  make  it 
observable. 

Spherical  aberration  depends  upon  the  fact  that  luminous 
rays,  on  passing  through  a  convex  lens;  strike  the  various  parts 
of  its  surface  at  different  angles,  and  hence  are  differently  re- 
fracted. The  rays  striking  the  margin  of  the  lens  are  more  bent 
than  those  passing  through  the  centre,  and  hence  the  former 
come  sooner  to  a  focus.  Thus,  a  luminous  ix)int  gives  rise  to  a 
diffused  figure,  which  is  circular  in  perfectly  centred  dioptric 
systems,  but  is  stellate  in  our  eyes  where  the  centering  of  the 
lenses  is  not  absolutely  accurate.  Spherical  aberration  causes  us 
no  inconvenience,  as  the  iris  only  allows  the  more  central  rays 
to  pass,  in  which  its  influence  is  not  noticed. 

Another  optical  defect  in  our  eyes  is  astigmatism,  depending 
upon  some  irregularity  of  the  curvature  of  the  cornea,  which 
may  be  bent  more  horizontally  than  vertically,  or  vice  versd.  In 
either  of  these  cases  the  light  in  the  vertical  and  horizontal 
planes  will  be  differently  refracted,  so  that  lines  drawn  in  the 
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two  directions  will  require  different  adjustments  to  see  them  dis- 
tinctly. This  may  be  recognized  if  we  gaze  with  one  eye  at  a 
centre  from  which  many  sharply-defined  lines  radiate ;  some  of 
the  lines  cannot  be  seen  distinctly,  unless  we  mdve  the  eye  or 
change  its  accommodation.  When  the  greater  curvature  extends 
evenly  over  the  whole  diameter  of  the  cornea  it  gives  rise  to 
what  is  called  regular  astigmatism,  and  when  the  unevenness  is 
localized  to  one  j)art  of  the  cornea  surface  it  is  called  irregular 
astigmatism. 

The  astigmatism  which  may  be  called  physiological  is  not 
noticed  by  the  individual,  but  pathological  astigmatism  often 
occurs  and  requires  cylindrical  glasses  to  correct  it. 

Entoptic  images  are  those  which  depend  on  the  presence  of 

some  opacity  or  difference  in  density  in  the  transparent  media  of 

the  eye  itself.     They  look  like  variously-shaped  specks  moving 

over  the  field  of  vision.     They  are  only  remarkable  when  we 

look  at  an  evenly-colored  object  or  through  a  pin  hole  in  a  black 

card.    In  using  the  microscope  they  often  annoy  the  unpracticed 

observer. 

THE  IRIS. 

Functions. — It  has  already  been  mentioned  that  the  motions 
of  the  iris  alter  the  size  of  the  pupillary  aperture  through  which 
the  rays  of  light  must  pass,  and  while  it  regulates  the  amount  of 
light  admitted,  it  also  acts  like  the  diaphragm  of  an  optical 
instalment,  and  always  cuts  off  a  large  amount  of  the  marginal 
rays.  The  great  importance  of  not  allowing  the  rays  which 
would  traverse  the  margin  of  the  lens  to  enter  the  eyeball  can  be 
understood  after  what  has  been  said  of  spherical  and  chromatic 
aberration.  The  iris  also  contracts  when  the  eye  is  adjusted  for 
near  vision,  independent  of  the  amount  of  light  by  which  the 
object  is  illuminated.  This  action  is  of  advantage,  because  the 
more  convex  the  lens  becomes  in  viewing  near  objects,  the 
greater  is  the  aberration  of  the  marginal  rays.  If  the  iris  did 
not  contract  in  near  vision,  the  closer  an  object  was  brought  to 
the  eye  the  greater  would  be  the  tendency  to  indistinctness 
caused  by  spherical  aberration. 

In  structure,  the  iris  consists  of  a  framework  of  delicate  connec- 
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live  tissue,  like  that  of  the  choroid  coat,  containing  many  blood 
vessels.  On  its  posterior  surface  is  a  dense  layer  of  pigment  cells 
called  the  uvea,  which  gives  the  eye  its  color.  The  act  of  contract- 
ing the  pupil  is  performed  by  a  very  definile  set  of  instriated mus- 
cular fibres,  forming  the  sphincter  which  surrounds  the  margin  of 
the  pupil.  The  sphincter  muscle  seems  always  to  be  more  or  less  in 
action,  because  if  it  be  paralyzed,  the  pupil  dilates.  The  muscu- 
lar character  of  the  dilator  mechanism  has  been  doubted  from 
the  fact  that  radiating  muscular  fibres  have  not  been  satisfactorily 
demonstrated  under  the  microscope.      Certainly  the  sphincter 


SKIwn  through  Ihe  cilury  rigion,  ihowing  Ihc  r«[atioi<  erf  Ihi  iri<  {/)  lo  Ih<  choroid  (/) 
and  the  clliHry  fnimdc  \At,  which  «rifc«  from  Ihe  mArtin  or  ihe  contca  9X  fr).  '"^  patsti 
loward  the  choroid  to  the  rishi,  wherv  it  scparam  tne  latter  from  the  iclerotic-  Some 
bundle*  d(  circular  fibrei  ait  ihown,  one  marked  (if), 

is  the  most  distinctly  contractile,  for  strong  electric  stimulation 
always  causes  contraction  of  the  pupil,  and  shortly  after  death 
the  pupils  dilate  from  the  relaxation  of  the  sphincter.  If  we 
admit  the  active  dilatation  of  the  pupil,  we  must  assiume  that  the 
[wwer  of  the  sphincter  dies  more  quickly  than  that  of  the  dilator, 
or  that  it  at  once  relaxes  when  it  has  lost  the  stimulus  reflected 
from  the  retina.  There  ajwars  to  be  no  difficulty  in  explaining 
the  dilatation  of  the  pupil  as  the  effect  of  the  ela.sticity  of  the 
tissue  and  the  changes  in  vasomotor  influences. 

NERVOUS  MECHANISMS  CONTROLLING  THE   IRIS. 

When  the  sympathetic  in  the  neck  is  cut,  the  pupil  becomes 

considerably  contracted.     Hence,  it  has  been  argued  that  the 

nerves  supplying  the  dilator  are  derived  from  the  sympathetic. 
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These  fibres  are  supposed  to  take  origin  in  the  gray  matter  of  the 
cervical  spinal  cord.  The  sympathetic  also  supplies  the  walls 
of  the  vessels,  and  thus  controls  the  amount  of  blood  going  to 
the  iris,  and  this  contraction  of  the  pupil  has  been  explained  as 
due  to  vascular  engorgement.  It  is  argued  that  though  the  vaso- 
motor mechanisms  may  cooperate  in  dilatation,  they  cannot  be 
its  only  cause,  as  the  widening  of  the  pupil  may  occur  in  a  blood- 
less eye.  Since  the  other  tissues  are  elastic  and  antagonize  the 
sphincter,  paralysis  of  that  muscle  would  give  rise  to  dilatation 
even  in  anaemic  mydriasis. 

The  constricting  nerve  mechanism  of  the  sphincter  muscle  is 
distinct,  and  more  definitely  understood.  Its  common  action  is 
reflex ;  the  stimulus  starts  in  the  retina,  and  travels  along  the 
optic  nerve  as  an  afferent  channel  to  the  corpora  quadrigemina, 
where  there  is  a  centre  governing  the  contractions  of  both  irides. 
The  efferent  impulses  are  sent  by  the  third  nerve  to  the  lenticular 
ganglion,  and  thence  by  the  short  ciliary  nerves  to  the  eyeball. 

In  accommodation  for  near  objects  three  muscles  act  together, 
their  movements  being  **  associated "  by  the  central  nerve 
mechanisms.  The  same  voluntary  effort  that  causes  the  ciliary 
muscle  to  contract,  makes  the  sphincter  of  the  iris  contract,  and 
also  causes  the  internal  rectus  to  move  the  eye  inward.  The 
voluntary  nerve  centre  must  be  in  intimate  relation  with  the 
reflex  centre,  which  keep)s  up  the  tonic  action  of  the  sphincter 
iridis. 

We  have  then  central  governors  for  the  ciliary  and  iris  move- 
ments. The  ciliary  muscle  and  sphincter  of  the  pupil  are  both 
caused  to  act  by  the  will,  and  the  sphincter  alone  is  excited  by 
means  of  a  centre,  which  reflects  the  stimulus  arriving  from  the 
retina  by  the  optic  nerve  to  the  branches  of  the  third  nerve. 
The  dilator  of  the  pupil,  if  a  muscle,  is  also  kept  in  gentle  tonic 
action  by  the  impulses  sent  from  the  spinal  cord  with  the  vaso- 
motor impulses,  via  the  sympathetic ;  but  some  think  that  the 
blood  supply  and  tissue  elasticity  explain  the  dilatation. 

Further,  from  the  undoubted  facts  (i)  that  some  reflex  con- 
traction of  the  pupil  may  be  produced  by  stimulating  the  retina 
even  when  the  eye  is  cut  off  from  the  brain  centres,  and  (2)  that 

49 
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the  local  effect  of  atropia  in  dilating,  and  calabar  ]>ean  in  nar- 
rowing the  pupil,  seem  in  a  measure  indei)endent  of  the  central 
nerve  organs,  it  has  lK*en  concluded  that  there  must  also  be  some 
local  nerve  mechanism  in  the  eye  which  is  capable  of  reflecting 
nerve  impulses,  and  is  affected  by  these  poisons. 

The  student  must  carefully  bear  in  mind  all  the  circumstances 
under  which  the  pupils  contract,  namely  : — 

1.  The  application  of  strong  light  to  either  retina  causes  reflex 
stimulation  of  the  ciliary  nerves  of  both  eyes. 

2.  Stimulation  of  the  nasal  or  ophthalmic  branches  of  the  fifth 
afferent  nerve  reflexly  excites  the  sphincter. 

3.  Contraction  of  the  pupil  is  **  associated  '*  with  accommoda- 
tion for  near  objects. 

4.  Similar  *' associated  "  contraction  always  accompanies  in- 
ward movement  of  the  eyeball. 

5.  During  sleep,  or  as  the  result  of  vasomotor  disturbances  in 
the  brain  (anaemia),  the  pupil  contracts. 

6.  Under  the  influence  of  physostigmin,  nicotin  and  morphia. 

7.  From  any  stimulation  of  the  optic  or  third  nerves  or  the 
corpora  quadrigemina. 

The  circumstances  in  which  the  pupils  are  found  to  be  dilated 
are  equally  important  from  a  practical  point  of  view,  namely : — 

1.  In  the  dark  or  with  insensitive  retinae. 

2.  Irritation  of  the  cervical  sympathetic. 

3.  Under  the  influence  of  atropin,  daturin,  etc. 

4.  In  asi>hyxia  or  dyspnoea  from  venosity  of  the  blood. 

5.  Painful  sensations  from  the  skin,  etc. 

THE  OPHTHALMOSCOPE. 

When  we  look  into  the  eye  the  pupil  appears  quite  black,  no 
matter  in  what  position  we  place  the  light.  The  reason  of  this 
is  that  the  retina  can  only  be  made  visible  by  the  light  reflected 
outward  from  it,  and  that  the  portion  of  the  rays  which  is 
reflected  by  the  retina  is  so  refracted  in  passing  out  of  the  eye 
that  it  occupies  exactly  the  same  path  as  that  traveled  by  the 
light  on  its  way  from  the  ix)int  of  illumination  to  the  eye.  Con- 
sequently, unless  the  eye  of  the  observer  be  placed  directly  in 
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this  path,  none  of  these  reflected  rajs  can  reach  it  to  enable  him 
to  see  the  fundus. 

That  is  to  say,  the  lens  and  other  refractive  media  that  bend 
the  rays  of  the  ingoing  cone  of  light  to  a  focus  on  the  retina  also 
bend  those  of  the  outgoing  cone  reflected  from  the  retina  to  a 
focus  at  the  point  of  illumination. 

The  fact  that  the  blackness  of  the  interior  of  the  eye  is  caused 
by  the  lens,  etc.,  can  be  shown  by  a  simple  experiment. 


Diagram  ihooing  (he  cflcci  ofa  1ei»  an  Ihc  ays  of  lighi  reflecud  from  Ihe  paper  (relina)  I 
the  experiment  gi>cn  in  IhtlcxI.  E.  ObHrver'^  eye.  C.  Point  of  illumiiwtion.  On  1)1 
left  Iht  reflecUdrars  diverge,  and  wme  pu>  lo  E.    On  the  right  they  uic  refracted  by  111 


Blacken  the  inside  of  a  pill  box  (about  an  inch  deep),  paste 
printed  jxiper  on  the  bottom,  and  cut  a  round  hole  half  an  inch 
in  diameter  in  the  lid.  By  illuminating  the  interior  of  the  box 
obliquely  the  print  can  be  easily  recognised.  If  a  convex  lens 
of  one  inch  focus  be  placed  behind  the  opening,  the  paper  can- 
not even  be  seen,  and  the  opening  looks  black  like  the  pupil  with 

•  •■  How  IS  Uie  the  Oph>halmo>cope,"hy  Edgar  A.  Brown,  p  31. 
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any  position  of  the  light.     The  paths  traversed  by  the  rays  in 
this  experiment  may  be  seen  in  Fig.  229. 

In  the  left-hand  figure  of  the  above  wood-cut  the  first  case  is 
illustrated.  Here  the  divergent  rays  passing  from  the  candle  C 
to  the  surface  P  F  are  reflected  in  various  directions  from  it ; 
those  which  strike  the  blackened  interior  of  the  box  are  ab- 
sorbed ;  others  emerge  through  the  hole  in  the  lid,  and  reaching 
the  eye  placed  at  E,  enable  the  print  at  P  to  be  seen. 

The  second  case  is  shown  in  the  right-hand  figure.  Here, 
instead  of  diverging  till  they  reach  the  bottom  of  the  box,  the 
rays  are  refracted  by  the  lens  to  a  focus  at  the  point  P',  from 
which  they  pass  back  through  the  lens,  and  are  thereby  bent  to 
a  cone  converging  to  the  source  of  light.  No  rays  pass  in  the 
direction  E,  so  the  interior  of  the  box  looks  quite  black. 

In  attempting,  then,  to  view  the  fundus,  the  observer  must 
either  place  his  head  in  the  line  of  light,  or  the  light  in  the  line 
between  the  observed  eye  and  his  own  ;  in  short,  his  eye  must  lie 
in  the  line  of  reflection,  in  order  to  see  the  fundus.  If  we  could 
see  through  the  source  of  light,  the  above  object  would  be 
accomplished.  Helmholtz,  by  reflecting  light  into  the  eye  by 
means  of  transparent  glass  plates,  originally  succeeded  in  seeing 
through  the  plates  some  of  the  rays  reflected  from  the  fimdus. 
In  this  method,  however,  the  power  which  enables  the  glass  plates 
to  reflect  the  luminous  rays  toward  the  eye  also  robs  the 
observer  of  much  of  the  light  sent  back  from  the  retina  by  re- 
flecting it  toward  the  source  of  light,  and  the  remaining  ra}'s 
which  penetrate  the  glass  cannot  give  a  clear  image  of  the 
retina. 

A  simple  instrument,  the  ophthalmoscope y  is  now  in  general  use 
for  examining  the  retina.  This  consists  of  a  concave  mirror  of 
short  focal  distance,  which  is  substituted  for  the  transparent 
reflecting  plates.  The  rays  converging  from  the  mirror  to  the 
eye  are  brought  to  a  focus  on  the  retina,  and  thence  some  are 
reflected  outward,  and  converged  by  the  dioptric  media  to  the 
hole  in  the  centre  of  the  mirror,  behind  which  the  obser\'er's  eye 
is  placed  to  receive  the  cone  of  converging  rays. 

If  the  observer  place  his  eye  and  the  mirror  at  a  distance  of 
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about  3  cm.  from  the  observed  eye,  and  the  refraction  of  both 
eyes  be  normal,  he  can  see  an  enlarged  virtual  image  of  ihe 
fundus.  If  the  refraction  of  either  eye  be  abnormal,  it  must  be 
corrected  by  a  suitable  lens  placed  behind  the  aperture  in  the 
mirror.     This  i.s  called  the  direct  method  of  examination. 

To  overcome  the  inconvenience  and  difficulty  of  this  mode  of 
examination  the  indirect  method  is  usually  employed.  In  it  a 
convex  lens  of  20  or  40  diopters  is  used  in  addition,  enabling  the 
observation  to  be  made  at  a  more  convenient  distance.     When 


the  eye  has  been  illuminated,  the  lens  is  placed  at  its  proper  focal 
distance  (2  or  1  inches  respectively)  in  front  of  the  eye.  By  the 
converging  power  of  the  lens  a  real  inverted  image  of  the  fundus 
is  formed  in  the  air  a  couple  of  inches  to  the  observer's  side  of 
the  lens,  arid  can  \\t  seen  by  him  through  the  aperture  in  the 
mirror,  if  he  hold  his  head  at  a  distance  to  suit  his  refraction. 

With  this  instrument  a  round  whitish  part  is  seen  a  little  to 
the  nasal  side  of  the  axis  of  the  eye,  where  the  nerve  pierces  the 
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dark  choroid  coat.  This  is  called  the  optic  disc.  The  fundus 
now,  when  lighted  up,  does  not  look  black,  but  is  of  a  lurid  red 
color,  owing  to  the  great  vascularity  of  the  choroid  coat.  Over 
this  red  field  are  seen  a  number  of  blood  vessels,  which  start  from 
the  centre  of  the  optic  disc,  and  radiating  over  the  fundus  send 
branches  to  the  most  anterior  parts  that  can  be  seen.  These  are 
the  branches  of  the  vessel  which  runs  in  the  centre  of  the  nerve. 
In  the  very  axis  of  the  eye  a  peculiar  depression,  free  from 
branches  of  the  blood  vessels,  can  be  seen.  This  central  depres- 
sion (fovea  centralis)  differs  a  little  in  color  from  the  neighbor- 
ing parts  during  life,  and  turns  yellow  at  death,  and  hence  has 
been  called  the  *'  yellow  spot.'*  The  retina  is  so  transparent  that 
we  cannot  see  it  with  the  ophthalmoscope,  but  the  radiating  ves- 
sels (central  arteries  and  veins  of  the  retina)  lie  in  it  and  belong 
to  the  nervous  structure  only. 

The  ophthalmoscope  has  proved  of  inestimable  value  not  only 
to  the  ophthalmologist,  but  also  to  the  physician,  as  a  means  of 
arriving  at  an  accurate  knowledge  of  disease.  Hence,  it  has 
become  more  a  pathological  than  a  physiological  instrument. 

LIGHT  IMPRESSIONS. 

The  retina  is  that  part  of  the  eye  by  which  the  physical  mo- 
tions called  light  are  changed  into  what  are  known  physiologi- 
cally as  nerv^e  impulses,  by  means  of  which  the  impression  of 
light  is  excited  in  the  brain.  In  reaching  the  retina  the  light  is 
not  altered  from  the  light  with  which  physicists  experiment,  but 
at  the  retina  this  physical  motion  is  stopped.  The  optic  nerves 
no  more  convey  the  light  waves  from  the  eye"  to  the  brain  than 
the  tactile  nerves  carry  the  objects  that  stimulate  their  endings. 
They  only  send  a  nerve  impulse  which  the  retina,  on  its  exposure 
to  the  light,  excites  in  the  terminals  of  the  optic  nerve.  Any 
form  of  stimulation,  if  applied  to  the  optic  nerve,  will  cause  an 
impulse  to  pass  to  the  brain,  which  there  sets  up  the  sensation  of 
h'ght.  Thus,  we  are  told  by  persons  who  have  had  their  optic 
nerves  cut  that  the  section  was  accompanied  by  the  sensation  of 
a  flash  of  light  but  not  pain.  Any  violent  injury  of  the  eyeball 
causes  a  flash  of  light  to  be  experienced.     This  fact  has  long 
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since  been  recognized  in  a  practical  manner,  for  a  blow  implicat- 
ing the  eyeball  is  vulgarly  said  to  **  make  one  see  stars.''  Also, 
without  violent  injury,  if  we  close  the  eyes  and  turn  them  to  the 
one  side  and  then  press  through  the  lid  with  the  point  of  a  pencil 
on  the  other  side  of  the  eyeball,  we  have  a  sensation  of  a  point  or 
ring  of  light  from  the  retinal  stimulation.  Thus  we  say  that  the 
specific  energy  of  the  optic  nerves  excites  a  sensation  of  light, 
and  the  adequate  stimulus  of  the  nerve  terminals  of  the  organ  of 
vision  is  light.  The  first  question  that  arises  is,  What  part  of  the 
retina  does  this  important  work  of  stimulating  the  optic  nerve 
when  light  impinges  on  its  terminals  ? 

THE  FUNCTION  OF  THE  RETINA. 

The  retina  is  a  complex  peripheral  nervous  mechanism  com- 
posed of  many  elements,  the  special  functions  of  which  are  not 
adequately  known.  It  spreads  over  the  fundus  of  the  eye,  but 
where  the  nerve  pierces  the  coats  of  the  eyeball  there  is  nothing 
but  nerve  fibres,  and  hence  no  retina,  properly  so  called,  exists 
at  the  optic  disc. 

The  structure  of  the  retina  varies  in  different  parts,  but  the 
following  layers  can  be  recognized  in  most  regions  (Fig.  231). 
The  exceptions  will  be  mentioned  afterward. 

Lying  next  to  the  hyaloid  membrane  is  the  layer  of  nerve 
fibres  which  radiate  from  the  optic  disc  to  the  ora  serrata  near 
the  ciliary  region.  The  fibres  spread  evenly  over  the  fundus 
except  at  the  central  point  (fovea  centralis),  which  they  avoid 
by  passing  above  and  below  it.  These  fibres  form  the  inner 
layer  of  the  retina. 

Next  to  the  fibres  is  a  layer  of  nerve  cells ^  which  seem  to  have 
one  pole  connected  with  a  fibre  from  the  optic  nerve,  while  from 
the  other  side  two  or  three  poles  send  processes  into  the  adjacent 
layers  of  the  retina.  The  cells  are  numerous  near  the  yellow 
spot. 

Outside  the  foregoing  are  four  less  distinctive  layers.  The 
first  is  broad  djidi  granular  \  next,  two  layers  of  peculiar  «//^/f^r 
bodies  are  found,  with  a  thin,  dense  one  of  granular  material 
betw^een  them. 
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Outside  these,  and  separated  by  a  fine  limiting  membrane,  is 
the  teiminal  layer  of  the  retina.  It  consists  of  rods  and  ce/nes 
which  arc  connected  with  those  parts  of  the  retina  already 
named,  and  are  embedded  in  the  protoplasm  of  pigmented  epi- 


Rods  and  corn  with  iheir  « 


thelial  cells,  which,  on  their  outer  face,  show  a  striking  hexagonal 
outline  (Fig.  234).  The  rods  and  cones  are  easily  torn  away  in 
histological  sections  from  the   pigmented   epithelium,    but   the 
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epithelium  and  rods  and  cones  are  so  intimately  connected  in 
their  development  and  function  that  they  ought  to  be  regarded 
as  a  single  layer. 

A  retinal  nerve  fibril  may  be  said  to  have  the  following  course  : 
entering  the  eyeball  from  the  optic  nerve  at  theporus  eplUus,  it 
reaches  the  immediate  vicinity  of  the  hyaloid  membrane,  and 
runs  a  certain  distance  in  contact  with  that  membrane  ;  it  then 

Fio.  139. 


turns  outward  toward  the  choroid  and  enters  a  nerve  cell. 
From  the  nerve  cell  pass  a  couple  of  filaments  which  traverse 
the  various  granular  and  nuclear  layers — where  they  probably 
inosculate  with  the  filaments  from  other  cells — and  finally  ter- 
minate in  a  rod  or  a  cone.  The  rods  and  cones  are  the  ultimate 
terminals  of  the  nerves,  and  they  lie  in  the  active  protoplasm  of 
the  peculiar,  pigmented  epithelial  cells. 
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This  outer  layer,  consisting  of  rods  and  cones  lodged  in  epi- 
thelial protoplasm,  is  the  effective  part  of  the  retina.  Of  this 
we  have  the  following  evidence  : — 

1 .  The  anatomical  fact  that  the  rods  and  cones  must  be  regarded 
as  the  nerve  terminals  of  the  optic  nerve. 

2.  That  the  macula  lutea,  where  the  retina  is  chiefly  made  up 
of  the  cone  layer,  is  very  much  the  most  sensitive  part,  and  near 
the  ora  serrata,  where  the  rods  and  cones  are  less  developed,  sight 
is  least  acute. 

3.  The  Blind  Spot. — From  the  facts  that  where  the  optic  nerve 
enters  the  eyeball  there  are  no  rods  and  cones,  and  though  the 
nerve  fibres  are  fully  exposed  to  the  light,  they  cannot  appreciate 
it,  this  part,  the  optic  disc,  is  called  the  **  blind  spot."  This 
shows  that  the  nerve  fibres  are  quite  insensitive  to  light,  and  that 
we  must  look  to  the  terminals  for  its  appreciation.  The  exist- 
ence of  the  blind  spot  can  be  demonstrated  as  foUoNvs  :  Shut  the 
left  eye,  and  hold  the  left  thumb,  at  ordinary  reading  distance, 
in  front  of  the  other  eye.  While  the  right  eye  is  fixed  on  the 
left  thumb,  bring  the  right  thumb  to  within  about  four  inches, 
and  move  it  slowly  an  inch  or  so,  from  side  to  side.  A  little 
practice  soon  enables  one  to  find  a  place  where  the  right  thumb 
nail  disappears.  It  also  can  be  demonstrated  by  keeping  the 
right  eye,  the  left  being  closed,  fixed  on  the  small  letter  •*  a  **  and 
moving  the  page  to  or  from  the  eye  very  slowly;  a  distance 


oA- 


(about  10  inches)  may  thus  be  reached  when  the  large  letter 
**  A  "  is  quite  lost.  On  approaching  the  page  when  '*  A  "  is 
invisible,  the  letter  reappears  from  the  inner  side  and  **  x  *'  is 
first  seen  ;  on  withdrawing  the  ])age  it  comes  into  view  from  the 
outer  side  and  "  o  *'  is  first  seen.  By  varying"  the  direction  and 
noting  the  near  and  far  limits  of  **  A's  "  being  invisible,  one  can 
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mark  out  the  extent  of  the  fundus  which  is  blind.  This  blind 
spot  is  not  noticed  in  ordinary  vision,  as  we  have  habitually  over- 
come the  deficiency  by  the  experience  derived  from  the  use  of 
both  eyes  since  infancy.  By  rapid  movements  one  eye  hides  the 
deficiency,  as  is  found  when  attempting  the  experiment  just 
described. 

4.  Purkinje* 5  Figures. — The  fact  that  when  the  eye  is  illumi- 
nated in  a  peculiar  way  we  can  see  the  shadow  of  the  blood 
vessels  which  lie  in  the  inner  layers  of  the  retina  thrown  upon 
the  outer  layer  of  rods  and  cones,  also  shows  the  latter  to  be  the 
sensitive  part.  This  phenomenon,  known  as  '*  Purkinje*s  figures," 
can  be  demonstrated  as  follows :  Close  the  left  eye  in  a  dark 
room,  with  an  evenly  dull-colored  wall,  and  while  you  stare  fix- 
edly at  the  wall  with  the  right  eye  turned  inward,  hold  a  candle 
to  its  outer  side  so  that  the  light  can  reach  the  fundus  of  the  eye 
from  the  side.  With  a  little  practice  the  least  motion  of  the 
candle  will  bring  out  an  arborescent  figure  on  the  wall,  which 
exactly  corresponds  to  the  retinal  vessels.  It  may  also  be  seen 
by  arranging  a  microscope  so  as  to  show  a  bright  light,  on  look- 
ing into  the  instniment  and  either  moving  it  or  the  head  slightly 
but  constantly,  the  shadows  of  the  retinal  vessels  will  be  clearly 
seen,  as  though  they  were  under  the  instrument. 

RETINAL  STIMULATION. 
Point  of  Greatest  Sensitiveness. — As  in  the  perception  of  two 
points  of  contact  with  the  skin,  so  we  find  the  retina  ceases  to  be 
able  to  distinguish  the  difference  between  two  luminous  points, 
if  they  be  brought  to  a  focus  at  a  distance  of  less  than  .002 
mm.  from  one  another.  This  distance  nearly  corresponds  to  the 
diameter  of  the  cones,  and  it  is  supposed  that  the  rays  from  two 
luminous  points  must  come  upon  two  different  cones  in  order  to 
be  visible  as  two  distinct  objects.  The  cones  are,  however,  very 
irregularly  distributed  over  the  retina,  being  packed  closely 
together  at  the  yellow  spot,  and  scattered  more  and  more  widely 
apart  as  one  i)asses  to  the  peripheral  parts  of  the  retina.  It  is 
only  at  the  yellow  spot  that  the  cones,  which  are  here  very  thin, 
are  so  close  together  as  .002  mm.,  so  that  this  estimation  of  the 


588  MANUAL  OF   PHYSIOLOGY. 

size  of  visual  areas  could  only  hold  good  of  the  yellow  s|)ot,  and 
toward  the  peripheral  parts  the  power  of  discrimination  must  be 
much  less  keen.  This  is  found  to  be  the  case,  for  in  ordinary 
vision  everything  seen  clearly  with  a  sharp  outline  must  be 
brought  upon  the  yellow  spot.  This  is  spoken  of  as  "direct 
vision."  The  images  falling  on  the  other  parts  of  the  retina  are 
but  dim  and  indistinct  outlines,  and  these  are  spoken  of  as 

Variations  in  Stimulation. — The  stimulus  need  only  be  applied 
for  a  very  short  time  to  cause  a  distinct  sensation,  for  we  can 
readily  see  a  single  electric  spark;  and  it  need  only  afTect  an 


extremely  small  part  of  the  retina,  as  a  minute  speck  of  light 
can  be  seen  by  direct  vision,  and  a  very  feeble  ray  suffices  to 
stimulate  the  retina.  The  amount  of  stimulation  produced 
depends  upon  (i)  the  intensity  of  the  light,  /.  e.,  the  amount  of 
light  received  in  a  given  area;  (z)  the  duration  of  its  applica- 
tion ;  (3)  the  extent  of  retina  to  which  it  is  applied  ;  (4)  the  [wrt 
of  the  retina  stimulated  ;  (5)  the  darker  the  background  the 
weaker  the  illumination  we  can  distinguish,  /.  <•.,  the  greater  the 
stimulating  effect  of  a  weak  light ;  (6)  by  fatigue  the  retina  loses 
its  power  of  appreciating  light,  and  more  stimulus  is  required  to 
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produce  a  given  effect.  On  waking,  the  daylight  is  at  first  daz- 
zling, but  soon  the  retina  can  bear  the  stimulus.  An  increase  of 
intensity  does  not  cause  an  exactly  proportional  increase  of  stimu- 
lation, for  we  find  the  more  the  light  is  intensified  the  less  we  notice 
a  fresh  increment  of  light  until  a  degree  of  intensity  is  arrived 
at,  when  no  further  addition  can  be  detected,  and  the  light 
becomes  blinding.  The  less  the  absolute  intensity  of  two  lights 
the  better  we  distinguish  any  difference  that  may  exist  between 
them. 

Duration, — ^The  effect  lasts  for  an  appreciable  time  after  the 
stimulus  has  been  removed,  particularly  if  the  light  be  very 
intense.  This  can  be  observed  when  a  brilliant  point  is  in  rapid 
motion ;  instead  of  a  point  a  streak  of  light  is  seen.  Thus,  part 
at  least  of  the  trail  of  falling  stars  is  caused  by  the  persistence 
of  the  stimulation,  and  a  luminous  body  rapidly  rotated  gives 
the  impression  of  a  circle  of  fire. 

When  the  stimulus  is  very  intense,  such  as  an  electric  light,  or 
when  we  look  at  a  bright  object  like  the  globe  of  a  lamp  steadily 
for  some  time,  the  effect  persists,  and  after  the  eyes  are  shut  we 
see  a  faint  image  of  the  object.  This  is  called  the  positive  after 
image.  If  the  retina  be  exposed  to  a  bright  light  until  it  be 
fatigued,  and  then  suddenly  turning  we  gaze  at  a  white  wall,  the 
bright  part  of  the  positive  after  image  is  replaced  by  a  dark 
figure  which  is  termed  the  negative  after  image. 

A  strong  stimulus  applied  to  the  retina  spreads  from  the  part 
upon  which  the  bright  image  falls  to  those  in  its  immediate 
neighborhood,  so  that  the  bright  object  looks  larger.  This  phe- 
nomenon is  called  irradiation.  It  heli)s  to  explain  many  of  the 
peculiarities  of  vision. 

EXCITATION  OF  NERVE  IMPULSE. 

The  question  now  arises.  How  do  the  retinae,  or  rather  their 
outer  layers,  convert  light  into  a  nerve  stimulus  ?  It  would  appear 
quite  out  of  the  question  that  the  394  to  760  billions  of  waves  of 
light  per  second  could  mechanically  excite  the  nerve  terminals 
as  the  waves  of  sound  are  believed  to  excite  the  endings  of  the 
auditory  nerve.     We  know  that  light  has  a  very  distinct  action 
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on  many  chemical  combinations,  such  as  reducing  salts  of  silver 
and  gold,  etc.  We  therefore  imagine  that  the  light  wav^  may 
set  up,  in  the  outer  layer  of  the  retina,  certain  intermolecular 
motions  or  chemical  changes,  the  result  of  which  is  that  the  nerve 
fibres  are  stimulated  to  activity  and  transmit  an  impulse  to  the 
brain.  The  light  possibly  produces  a  change  in  the  outer  layer 
of  the  retina  which  in  some  respects  may  be  compared  to  that 
which  occurs  on  a  sensitive  photographic  plate.  In  some  respects 
only,  because,  while  the  chemical  change  on  the  sensitive  plate 
persists  so  as  to  give  rise  to  a  permanent  photograph,  in  the  eye 
it  only  lasts  for  the  brief  moment  during  which  we  can  recognize 
the  positive  after  image.  The  chemical  change  in  muscle  may 
be  compared  to  the  explosion  of  gunpowder,  in  giving  rise  to 
force,  but  not  in  the  result  produced  in  the  materials.  For  in 
muscle  the  chemical  change  causing  the  contraction  is  rapidly 
repaired,  while  in  the  powder  permanent  alteration  of  the  sub- 
stance is  produced.  In  the  retina  a  new  sensitive  plate  is  at  once 
produced  by  the  restoration  of  the  normal  condition  of  the  mole- 
cules, and  similarly  its  explosive  qualities  are  at  once  restored  to 
the  muscle. 

The  view  that  the  layer  of  rods  and  cones  undergoes  a  chemi- 
cal change  on  exposure  to  light  which  suffices  to  excite  the  optic 
nerve,  receives  support  from  the  obser\'ation  that  a  color  of  a  red 
or  purplish  hue  exists  in  the  outer  part  of  the  rods,  and  that  this 
color  changes  when  exposed  to  the  light.  But  this  so-called 
visual  purple  has  not  an  inseparable  connection  with  vision,  since 
it  is  absent  when  the  retina  is  most  sensitive,  /.  ^.,  the  fovea  cen- 
tralis, where  there  are  no  rods,  and  further,  frogs  with  blanched 
eyes  seem  to  see  quite  well.  Certain  rays  of  light  have  a  distinct 
thermic  influence,  and  hence  the  possibility  exists  that  the  nerve 
impulse  is  started  in  the  retina  by  some  delicate  thermic  stimulus. 

Against  the  chemical  and  thermic  origin  of  the  retinal  stimu- 
lation may  be  urged  the  fact  that  the  rays  of  the  spectnim  which 
are  most  efficient  in  exciting  chemical  and  thermic  variations 
(ultra  violet  and  ultra  red  respectively)  do  not  excite  any  nerve 
impulse  in  the  retina. 

The  pigmented  epithelial  cells  of  the  retina  have  been  observed 
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to  change  their  shape  slightly,  and  definitely  to  alter  the  position 
of  the  pigment  granules  they  contain  when  exposed  to  light. 
When  we  remember  how  sensitive  to  light  the  protoplasm  of 
many  unicellular  inftisoria  is,  we  cannot  l>e  surprised  that  the 
protoplasm  of  the  retinal  epithelium  is  affected  by  it.  In  the 
pigment  cells  of  the  frog's  skin  we  are  familiar  with  a  change  in 
shape  and  in  the  arrangement  of  their  pigment  granules  in 
response  to  different  light  stimuli.  We  know  further  that  in  the 
nervous  centres  nerve  impulses  often  originate  in  protoplasm 
under  the  influence  of  slight  changes  in  temperature  or  nutri- 
tion. It  would  hardly  be  too  much  to  assume,  then,  that  the 
retinal  epithelium  has  some  important  share  in  the  transforma- 
tionof  light  intoanervestimulus.  The  arguments  pointing  to  the 


rods  and  cones  as  the  essential  part  of  the  retina  apply  equally 
welt  to  the  pigmented  epithelium,  for  they  are  so  dove-tailed  one 
into  the  other  that  practically  they  form  but  one  layer.  They 
are  not  known  to  be  connected  with  the  nerve  fibres,  but  they 
may  still  be  influenced  by  the  light,  and  communicate  the  effect 
to  the  contiguous  nerve  terminals,  which  appear  to  be  elaborately 
adapted  to  the  appreciation  of  subtle  forms  of  stimulation. 

COLOR  PEKCEPTiONS. 

If  a  beam  of  white  sunlight  be  allowed  to  |jass  through  an 

angular  piece  of  glass  it  is  decomiwsed  into  a  number  of  colors 

which  may  be  seen  by  looking  through  the  prism,  or  may  be 

thrown  on  a  screen,  like  that  of  a  camera.     These  colors,  which 
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look  like  a  thin  slice  of  a  rainbow,  are  together  called  the  spec- 
trum. The  white  solar  light  is  thus  shown  to  be  a  compound  of 
rays  of  several  colors  which  possess  different  degrees  of  refrangi- 
bility,  and  hence  are  separated  on  their  way  through  the  prism. 
The  violet  rays  are  the  most  bent,  and  the  red  the  least,  so  that 
these  form  the  two  extremes  of  the  visible  spectrum.  The  differ- 
ence of  color  depends  upon  the  different  lengths  of  the  waves, 
the  vibrations  of  violet  (762  billions  per  sec)  being  much  more 
rapid  than  those  of  red  (394  billions  per  sec).  Beyond  the  vis- 
ible spectrum  at  the  red  end  there  are  other  rays  which,  though 
they  look  black  to  the  eye,  are  capable  of  transmitting  heat. 
This  thermic  power  is  best  developed  in  these  ultra-red  rays  and 
fades  gradually  toward  the  middle  of  the  spectrum.  Outside  the 
violet  are  ultra-violet  rays,  which,  though  non-exciting  to  the 
retina,  are  very  active  in  inducing  many  chemical  changes.  Only 
those  ether  vibrations  which  have  a  medium  length  can  stimu- 
late the  retina. 

If  two  different  colors  be  mixed  before  reaching  the  retina,  or 
be  applied  to  it  in  very  rapid  succession  one  after  the  other,  an 
impression  is  produced  which  differs  from  both  the  colors  when 
looked  at  separately ;  thus,  violet  and  red  give  the  impression  of 
purple,  a  color  not  in  the  spectrum.  If  all  the  colors  of  the 
si)ectrum  in  the  same  proportion  and  with  the  same  brightness 
fall  upon  the  retina,  the  result  is  white  light.  This  we  know 
from  the  common  exf)erience  of  ordinary  white  light,  which  is 
really  a  mixture  of  all  the  colors  of  the  spectrum,  and  we  can  see 
it  with  a  *'  color  top  '*  painted  to  imitate  the  colors  of  the  spec- 
trum. When  the  top  is  spinning,  the  colors  meet  the  eye  in  such 
rapid  succession  that  the  stimulus  of  each  falls  on  the  retina 
before  that  of  the  others  has  faded  away,  and  thus  many  colors 
are  practically  applied  to  the  retina  at  the  same  time,  and  the 
top  looks  nearly  white. 

It  has  been  found  that  certain  pairs  of  colors  taken  from  the 
spectrum  when  mixed  in  a  certain  proportion  produce  white. 
These  are  complementary  to  one  another.  The  complementary 
colors  are : — 

Red  and  i)eacock-blue.         Yellow  and  indigo. 

Orange  and  deep  blue.  Greenish-yellow  and  violet. 
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If  colors  which  lie  nearer  to  each  other  in  the  spectrum  than 
these  complementary  colors  be  mixed,  the  result  is  some  color 
which  is  to  be  found  in  the  spectrum  between  the  two  mixed. 

The  perception  of  the  vast  variety  of  shades  of  color  that  we 
can  distinguish  can  only  be  explained  by  means  of  this  color 
mixing.  We  may  suppose  (with  Hering)  that  there  are  three 
varieties  of  material  in  the  retina,  each  of  which  gives  rise  to 
antagonistic  or  complementary  color  sensations  according  as  they 
undergo  increased  or  decreased  molecular  activity,  these  antago- 
nistic states  being  produced  by  the  complementary  colors.  Thus, 
one  substance  gives  the  sensation  of  black  or  white,  another  red 
or  green,  another  yellow  or  blue,  according  as  they  are  in  exalted 


Fig.  235, 


^^ 


Diaeram  of  the  three  Primary  Sensations  .  i  =»  red  ;  2  =  green  ;  3  =■  violet. 
The  letters  oelow  are  the  initials  of  the  colors  of  the  spectrum. 

The  height  of  the  shaded  part  gives  extent  to  which  the  several  primary  sensations  are 
excited  by  different  kinds  of  light  in  the  spectrum. 


or  diminished  activity.  A  varying  degree  of  these  stimulations 
can  be  easily  shown  to  give  many  differences  of  shade. 

Or  we  may  assume  that  there  are'  three  primary  colors  which 
overlap  one  another  in  the  spectrum  so  as  to  produce  all  the 
various  tints.  These  are  red,  green  and  violet ;  the  arrangement 
of  which  may  be  diagrammatically  explained  (Fig.  235). 

We  must  in  this  case  further  assume  (Young,  Helmholtz)  that 
there  are  in  the  retina  three  special  sets  of  nerve  terminals,  each 
of  which  can  only  be  stimulated  by  red,  green,  or  violet  respect- 
ively, and  the  innumerable  shades  of  color  we  see  depend  upon 

50 
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mixtures  of  different  strengths  of  these  primary  colors,  producing 
different  degrees  of  stimulation  of  each  set  of  nerve  terminals. 

The  view  that  such  special  nerve  apparatus  exists  for  red, 
green  and  violet  is  supported  by  the  fact  that  the  most  anterior 
or  marginal  i>art  of  the  retina  is  incapable  of  being  stimulated 
by  red  objects,  which  look  black  when  only  seen  by  this  part  of 
the  retina.  This  inability  to  see  red  may  extend  over  the  whole 
retina,  as  is  found  in  some  persons  who  may  be  said  to  be  "  red 
blind."  If  we  investigate  our  negative  after  images,  after  look- 
ing f6r  a  long  time  at  a  red  object,  we  find  them  to  be  greenish 
blue.  That  is  to  say,  the  nervous  mechanism  for  receiving  red 
impressions  is  fatigued,  and  that  of  its  complementary  color  is 
easily  stimulated. 

MENTAL  OPERATIONS  IN  VISION. 

Our  visual  sensations  enable  us  to  perceive  the  existence,  p)osi- 
tion  and  correct  form  of  the  various  objects  around  us.  For 
visual  perception  much  more  is  necessary  than  the  mere  perfec- 
tion of  the  dioptric  media  of  the  eye,  and  of  the  retinal  nerve 
mechanisms.  Besides  the  changes  produced  in  the  retina  by  light 
and  the  excitations  in  the  nerve  cells  of  the  visual  centre,  there 
must  be  psychical  action  in  other  cells  of  the  cortex  of  the  brain. 
This  jisychical  action  of  the  brain  consists  of  a  series  of  conclu- 
sions drawn  from  the  experiences  gained  by  our  visual  and  other 
sensations. 

Our  ideas  of  external  objects  are  not  in  exact  accord  with  the 
image  produced  on  the  retina  and  transmitted  to  the  brain,  but 
are  the  result  of  a  kind  of  argument  carried  on  unconsciously  in 
our  minds.  Thus,  when  no  light  reaches  the  retina,  we  say  (with- 
out what  we  call  thought)  that  it  is  dark  ;  our  retina  being  un- 
stimulated, no  impulse  is  communicated,  and  the  sensation  of 
blackness  arises  in  our  sensorium.  When  luminous  rays  are 
reflected  to  the  retina  from  various  objects  around  us,  the  physio- 
logical impulse  starts  from  the  eye,  but  in  the  brain,  by  uncon- 
scious psychical  activity,  it  is  referred  in  our  minds  to  the  objects 
around  us,  so  that  mentally  we  project  into  the  outer  world  what 
really  occurs  in  the  eye.     So  also,  from  habit,  we  re-invert  in  our 
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minds  the  image  which  is  thrown  on  the  retina  upside  down,  by 
the  lens,  and  so  unconscious  are  we  of  the  psychical  act  that  we 
find  it  hard  to  believe  that  our  eyes  really  receive  the  image  of 
everything  inverted,  and  our  minds  have  to  reinstate  it  to  the 
upright  position. 

One  of  the  most  important  means  employed  to  enable  us  to 
form  accurate  visual  perceptions  is  the  varied  motion  which  the 
eyeballs  are  capable  of  performing. 


Fig.  336. 
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MOVEMENTS  OF  THE  EYEBALLS. 

The  eyeballs  may  be  regarded  as  spherical  bodies,  lying  in 
loosely  fitted  sockets  of  connective  tissue  padded  with  fat,  in 
which  they  can  move  or  revolve  freely  in  all  directions,  in  a  lim- 
ited degree.  The  muscles  which 
act  directly  on  the  eyeball  are 
six  in  number.  Four  recti  pass- 
ing from  the  back  of  the  orbit  are 
attached  to  the  eyeball,  one  at 
each  side  and  one  above  and 
below,  not  far  from  the  cornea. 
These  move  the  front  of  the 
eye  to  the  right  or  left,  up  or 
down  respectively.  Two  oblique 
passing  nearly  horizontally  out- 
ward, and  a  little  backward,  are 
attached  to  the  upper  and  under 
surface  of  the  eyeball  respect- 
ively. These  muscles  can  slightly 
rotate  the  eye  on  its  an tero- pos- 
terior axis,  the  upper  one  draw- 
ing the  upper  part  of  the  eyeball 
inward,  and  its  antagonist,  the 
lower,  drawing  the  lower  part 
inward,  so  as  to  rotate  the  eye- 
ball in  an  opposite  direction 
round  the  same  axis. 

The  internal  and  external  recti  draw  the  centre  of  the  cornea 
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Diagram  of  the  direction  of  action  of  the 
muscles  of  the  eyeball,  which  is  shown  by 
the  dark  lines.  The  axes  of  the  rotation 
caused  by  the  oblique  and  upper  and  lower 
recti  are  shown  by  the  dotted  lines.  The 
inner  and  outer  recti  rotate  the  ball  on  it& 
vertical  axis,  which  is  cut  across.  The 
abbreviated  names  of  the  muscles  are 
affixed  to  the  lines. 
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to  or  from  the  median  line  respectively,  directly  opposing  one 
another. 

As  the  direction  of  the  superior  and  inferior  recti  is  different 
from  that  of  the  axis  of  the  eyeball,  they  draw  the  outer  edge  of 
the  cornea,  not  its  centre,  up  and  down  respectively,  and  at  the 
same  time  tend  to  give  the  eyeball  a  slight  rotation  in  the  same 
direction  as  the  corresponding  oblique  muscles.  The  tendency 
to  rotation  is  counteracted  by  the  antagonistic  oblique  muscle 
when  simple  elevation  or  depression  is  formed. 

Thus,  pure  abduction  or  adduction  only  requires  the  unaided 
action  of  the  internal  or  external  recti,  while  direct  depression  of 
the  eye  requires  the  combined  action  of  the  inferior  rectus  and 
superior  oblique,  and  direct  elevation  requires  the  superior  rectus 
and  inferior  oblique  to  act  together.  The  oblique  movements 
are  accomplished  by  various  combined  coordinations  of  move- 
ment of  the  different  muscles. 

From  the  foregoing  it  is  obvious  that  the  simplest  movements 
of  the  eye  require  the  cooperation  of  different  muscles. 

The  diagram  shows  the  directions  toward  which  the  different 
muscles  tend  to  draw  the  eyeball. 

In  the  ordinary  movements  of  both  eyes  more  than  this  is 
necessary.  Both  eyes  must  move  in  the  same  direction  at  the 
same  time,  now  to  the  right,  now  to  the  left,  so  that  while  the 
external  rectus  moves  the  right  eye  to  the  right  side,  the  internal 
rectus  moves  the  other  eye  in  the  same  direction.  The  coordi- 
nation of  the  movements  of  the  eyeball  is  so  arranged  that  the 
contractions  of  the  external  and  internal  recti  of  opposite  sides 
must  occur  together,  and  are  called  '*  associated  movements." 
This  associated  movement  has  been  acquired  by  the  habit  of  vol- 
untarily directing  both  eyes  at  the  same  object,  and  has  gradu- 
ally become  involuntary,  for  few  persons  have  the  jx)wer  of 
exerting  control  over  the  muscles  of  one  eye  alone. 

BINOCULAR  VISION. 

When  we  look  at  an  object  with  both  eyes  we  have  a  separate 
image  thrown  upon  each  retina,  and  therefore  two  sets  of  im- 
pulses are  sent  to  the  sensorium,  one  from  the  right  and  one  from 
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the  left  eye.  Yet  we  are  only  conscious  of  the  occurrence  of 
one  stimulation.  The  reason  of  this  is,  that  experience  has 
taught  us  that  similar  images  thrown  upon  certain  parts  of  the 
two  retinae  correspond  to  the  same  object,  and  in  our  minds  we 
fuse  the  sensations  caused  by  the  two  images  so  that  they  produce 
but  one  idea. 

These  points  of  the  retina  which  are  thus  habitually  stimu- 
lated by  the  same  objects  are  called  '*  corresponding  points.'* 

Besides  being  of  great  use  in  making  up  for  such  deficiencies 
as  the  blind  spots  (which  are  not  corresponding  points),  binocular 
vision  is  useful  for  the  following  purposes  : — 

To  judge  of  distance.  When  using  one  eye  only,  some  knowl- 
edge of  distance  may  be  gathered  by  the  force  employed  to 
accommodate,  but  a  much  more  accurate  judgment  can  be  formed 
when  both  eyes  are  used  and  the  muscular  sense  of  the  ocular 
muscles,  employed  in  converging  the  eyeballs  for  near  objects, 
gives  further  evidence  of  their  distance. 

In  judging  oi  size^  in  the  same  way,  with  one  eye,  we  can  only 
have  an  idea  of  the  apparent  size  of  an  object,  which  will  vary 
with  its  distance.  With  a  knowledge  of  apparent  size  and  dis- 
tance such  as  is  gained  by  binocular  vision,  we  can  come  to  a 
fairly  accurate  conclusion  as  to  the  size  of  an  object. 

To  judge  of  the  relative  distances  of  objects  so  as  to  see  depth 
in  the  picture  before  our  eyes,  binocular  vision  is  necessary.  If 
one  eye  alone  is  used  we  see  a  flat  picture,  without  having  an 
accurate  idea  of  the  relative  distances  of  the  different  objects. 
With  each  eye,  however,  we  get  a  slightly  different  view  of  each 
object,  and  thus  we  are  helped  to  a  conclusion  as  to  their  exact 
distances  and  shapes,  and  arrive  at  fairly  correct  judgments  as  to 
their  form,  etc. 
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CHAPTER  XXXIII. 

HEARING. 

Just  as  impulses  traveling  along  the  optic  nerves  can  only  give 
rise,  in  the  sensorium,  to  impressions  of  light,  so  impulses  passing 
to  the  sensorium  via  the  auditory  part  of  the  portio  mollis  of  the 
seventh  pair  of  cranial  nerves  can  only  excite  impressions  of 
sound,  and  any  stimulation  of  that  nerve  gives  rise  to  sound  sen- 
sations. 

The  i)eripheral  end  of  the  special  nerve  of  hearing  is  distrib- 
uted to  an  organ  of  very  peculiar  construction  situated  in  the 
internal  ear,  which,  from  its  complexity,  has  been  called  the 
labyrinth.  The  nerve  endings  are  spread  out  between  layers  of 
fluid,  so  that  they  must  be  stimulated  by  very  gentle  forms  of 
movement ;  and  when  we  consider  their  delicacy,  we  cannot  l)e 
surprised  that  even  sound  vibrations  suffice  to  stimulate  these 
terminals  and  transmit  nerve  impulses  to  the  brain.  The  organs 
of  hearing  of  mammalia  are  so  deeply  placed  in  the  petrous  part 
of  the  temporal  bone,  that  special  mechanisms  have  to  be  adopted 
to  convey  the  sound  with  sufficient  intensity  from  the  air  to  the 
fine  nerve  terminals.  These  make  up  a  complex  piece  of  anat- 
omy which  will  be  briefly  referred  to  presently. 

SOUND. 

Before  attempting  to  describe  the  complex  mechanisms  by 
which  sound  is  conveyed  from  the  air  to  the  nerve  endings,  some 
notion  must  be  formed  of  what  sound  is  from  a  merely  physical 
standpoint.  By  means  of  the  sense  of  hearing  we  form  an  idea 
of  sound,  and  here  the  knowledge  of  sound  ends  with  many 
people,  since  they  only  think  of  it  as  something  they  can  hear. 
A  physicist,  however,  regards  sound  in  a  diflcrent  way.  He 
knows  that  it  is  produced  by  the  vibrations  of  elastic  bodies, 
such  as  a  tense  string,  a  metal  rod,  or  an  elastic  membrane. 
These  vibrations,  being  communicated  to  the  air,  are  conveyed 
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by  it  to  our  nerve  endings,  where  they  set  up  a  nerve  impulse. 
The  impulse  is  transmitted  along  the  nerve  to  the  brain,  and 
there  gives  rise  to  the  sensation  with  which  we  are  familiar  as 
sound. 

The  vibrations  of  the  air  are  wave-like  movements  depending 
upon  a  series  of  changes  of  density  in  the  gases,  the  particles  of 
which  move  toward  or  from  one  another,  and  transmit  the 
motion  to  their  neighbors,  so  as  to  propagate  the  sound  wave. 
To  demonstrate  these  vibrations  a  special  apparatus  must  be  used.- 

When  a  tuning  fork  is  struck  it  is  thrown  into  vibration,  and 
a  sound  is  given  forth.  But  the  vibrations  are  often  so  rapid  and 
so  small  that  the  motion  of  the  tuning  fork  cannot  be  appreci- 
ated by  the  eye.  But  if  a  fine  point  be  attached  to  one  prong  of 
the  tuning  fork — or,  indeed,  any  elastic  body,  such  as  a  bar  of 
metal — and  this  point  be  brought  into  contact  with  a  moving 
smoked  surface,  such  as  has  been  already  described  for  similar 
record.s,  a  little  wavy  line  is  drawn,  showing  that  the  vibrating 
fork  moves  up  and  down  at  an  even  and  regular  rate.  Each  up 
and  down  stroke  indicates  a  vibration.  The  length  of  the  wave, 
as  drawn  on  the  evenly-moving  surface  of  the  recorder,  shows  the 
amount  of  time  occupied  by  each  vibration.  This  is  always 
found  to  be  the  same  for  a  tuning  fork  of  a  given  pitch,  and  thus 
the  recording  fork  is  in  constant  use  by  the  physiologist  as  an 
exact  measure  of  small  intervals  of  time.  T\\g pitch  of  the  note 
depends  upon  the  rate  ox  period  oi  vibration,  a  tone  of  a  certain 
pitch  being  simply  a  sound  caused  by  so  many  vibrations  per 
second.  The  quicker  the  vibration  the  higher  the  note,  and  the 
slower  the  deeper,  until,  at  the  rate  of  about  thirty  per  second, 
no  sound  is  audible.  Whether  a  note  be  produced  by  a  metal 
fork,  a  tense  string,  or  any  other  vibrating  body,  if  the  number 
of  vibrations  per  second  be  the  same,  the  note  must  have  the 
same  pitch. 

The  elevation  of  each  vibration  as  seen  in  the  tracing  made  by 
a  recording  fork  is  different  at  different  times.  When  the  fork 
is  first  .struck,  the  waves  are  high  and  well  marked ;  the  excur- 
sions of  the  recording  prong  become  less  and  less  extensive  as 
the  fork  gradually  ceases  to  vibrate  and  the  sound  diminishes ; 
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or  in  other  words,  as  the  sound  produced  becomes  fainter,  the 
vibrations  become  smaller.  The  amount  of  excursion  made  by 
the  vibrating  body  is  spoken  of  as  the  amplitude  of  the  vibration, 
and  upon  it  depends  the  loudness  or  intensity  of  the  sound.  The 
pitch  of  a  tone  bears  no  relation  to  the  amplitude  of  the  waves 
of  vibration,  but  depends  upon  their  rate ;  while  its  loudness  is 
quite  independent  of  the  period  occupied  by  the  vibrations,  but 
is  in  proportion  to  the  square  of  the  amplitude  of  the  waves. 

So  far  only  tones  or  musical  notes  have  been  mentioned.  They 
are  produced  by  vibrations  occurring  at  perfectly  regular  periods. 
The  simpler  and  more  regular  the  vibrations,  the  purer  the  tone. 
The  great  majority  of  the  sounds  we  are  accustomed  to  hear  are 
not  pure  tones,  but  are  the  result  of  an  association  of  vibrations 
bearing  some  relation  to  one  another.  When  the  variety  of 
vibrations  is  very  great,  their  intervals  irregular  and  out  of  pro- 
portion, they<give  rise  to  a  discordant  sound  called  a  noise.  So 
long  as  such  commensurability  exists  in  the  rate  of  the  vibrations 
as  to  produce  a  sound  not  disagreeable  to  the  sense  of  hearing, 
it  may  be  called  a  note. 

By  the  use  of  a  series  of  different  resonators,  each  of  which  is 
capable  of  magnifying  a  certain  tone,  it  can  be  shown  that  the 
clearest  and  purest  notes  of  our  musical  instruments  are  far  from 
being  simple  tones,  but  are  really  compounds  of  one  prominent 
note  or  fundamental  tone,  modified  by  the  addition  of  numerous 
over-tones  or  harmonics.  If  one  blows  forcibly  across  an  orifice 
leading  to  a  space  in  which  a  small  amount  of  air  is  confined, 
such  as  the  barrel  of  a  key  or  the  mouth  of  a  short-necked  flask 
or  bottle,  either  a  clear  shrill  or  dull  booming  sound  is  heard, 
which  varies  in  pitch  according  to  the  proportions  of  the  air- 
containing  cavity.  This  dull  note  is  a  simple  tone.  It  is  devoid 
of  character,  and  in  this  respect  differs  greatly  from  the  notes 
produced  by  a  musical  instrument.  The  notes  of  every  instru- 
ment have  certain  characters  or  qualities  which  enable  even  an 
unpracticed  ear  to  distinguish  them. 

This  quality,  which  is  independent  of  the  pitch  (/.  <r.,  rate  of 
vibration),  or  the  intensity  (/*.  e.,  amplitude  of  wave),  is  called 
the  color  or  timbre  of  the  note.     It  dej^ends  on  the  number, 
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variety  and  relative  intensity  of  the  over-tones  or  harmonics, 
which  accompany  the  notes.  So  that  really  the  timbre  or  quality 
of  a  note,  and  therefore  the  special  characters  of  the  different 
musical  instruments,  is  produced  by  their  impurity,  or  the  com- 
plexity of  the  over-tones  which  aid  in  producing  them. 

All  elastic  Ijodies  can  vibrate,  and  therefore  are  capable  of 
conducting  sounds.  Sound  vibrations  can  be  transmitted  from 
one  body  to  another  placed  in  contact  with  it.  From  a  hard 
material  the  waves  are  readily  communicated  to  the  air,  and  this 
is  the  ordinary  medium  by  means  of  which  sound  is  transmitted 
to  our  organs  of  hearing.  In  the  old  experiment  of  placing  a 
small  bell  under  the  glass  of  an  air  pump,  and  making  the  tongue 
strike  after  the  air  has  been  removed,  the  fact  that  no  sound  is 
produced  shows  that  the  medium  of  the  air  is  essential  for.  the 
transmission  of  sound  vibrations. 

The  transmission  of  waves  of  sound  from  the  air  to  more  dense 
materials,  such  as  those  which  surround  our  auditory  nerve  termi- 
nals, takes  place  with  much  greater  difficulty  than  that  from  a 
solid  to  the  air,  and  we  find  a  variety  of  contrivances  by  which 
the  gentle  air  waves  arriving  at  the  ear  are  collected  and  inten- 
sified on  their  way  to  the  labyrinth. 

The  medium  of  the  air  is  not  necessary  in  order  that  sound 
may  reach  the  internal  ear.  Nor  is  the  route  through  the  outer 
canal,  and  the  drum  and  its  membrane,  the  only  one  by  which 
the  vibrations  can  arrive  at  the  cochlea.  The  solid  bone  which 
surrounds  the  labvrinth  is  in  direct  communication  with  all  the 
bones  of  the  head,  and  sound  can  travel  along  these  bones  and 
reach  the  nerve  endings.  This  can  easily  be  proved  by  placing 
the  handle  of  a  vibrating  tuning  fork  against  the  forehead,  or 
better  still,  against  the  incisor  teeth.  The  sound,  although  pre- 
viously hardly  audible,  at  once  becomes  quite  distinct,  or  even 
appears  loud. 

'^This  direct  conduction  through  the  bones  of  the  head  is,  under 
normal  conditions,  of  little  use  to  man  ;  but  attempts  have  been 
made,  in  cases  where  the  ordinary  auditory  passages  were 
rendered  inefficient  by  disease,  to  gather  the  vibrations  on  an 
elastic  plate,  and  apply  this  to  the  teeth.    This  direct  conduction 

51 


6o2  MANUAL  OF   PHYSIOLOGY. 

of  sound  is  very  valuable  in  determining  the  seat  of  disease  in 
cases  of  deafness.  So  long  as  a  clear  sensation  of  sound  reaches 
the  brain  through  the  bones  of  the  head,  we  know  that  the 
important  nerve  endings  and  their  central  connections  are 
unimpaired,  and  conclude  that  the  disease  lies  in  the  mechanical 
conducting  parts  of  the  hearing  organ. 

In  fishes,  where  the  labyrinth  is  the  only  existing  part  of  the 
auditory  apparatus,  it  is  embedded  in  the  cranium,  and  the  sound 
waves,  arriving  through  the  medium  of  water,  are  directly  con- 
veyed to  the  nerve  endings  by  the  bones  of  the  head.  An  air- 
containing  tympanum  would  rather  impede  the  hearing  of  these 
animals. 

The  parts  of  the  ear  through  which  sound  passes  before  it 
reaches  the  nerve  are  separated  into  three  departments,  viz., 
(i)  the  auditory  canal  and  external  ear;  (2)  the  middle  ear, 
tympanum  or  drum,  which  is  shut  off  from  the  latter  by  the 
tympanic  membrane ;  and  (3)  the  labyrinth. 

CONDUCTION  OF  SOUND  VIBRATIONS  THROUGH  THE 

EXTERNAL  EAR. 

External  Ear. — In  man,  the  muscles  are  so  poorly  developed 
that  he  can  hardly  move  the  external  ear  or  pinna  j^erceptibly, 
and  the  part  commonly  called  the  ear  is  of  little  use.  We  know 
this,  because  the  outer  ear  may  be  quite  removed  without 
materially  affecting  the  power  of  hearing.  The  sound  reflected 
from  the  pinna  may  be  excluded,  without  reducing  the  intensity 
of  that  heard,  by  placing  a  little  tube  in  the  auditory  canal. 
Birds  hear  well  without  any  outer  ear.  But  the  movable  ears 
of  many  animals  are,  no  doubt,  useful  in  helping  them  to  ascer- 
tain the  direction  of  a  sound  by  catching  more  of  the  vibrations 
coming  toward  their  pinna.  That  the  external  ear  may  be  of 
some  use,  even  to  man,  one  is  led  to  believe  by  the  natural  readi- 
ness with  which  a  jierson  with  dull  hearing  supplements  it  by 
means  of  his  hand.  In  this  act  the  ear  is  pushed  away  from  the 
head  to  an  angle  of  about  forty-five  degrees,  and  its  projection  is 
considerably  increased. 

External  Auditory  Meatus. — The  auditory  canal  is  a  crooked 
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and  irregular  passage,  getting  rather  wider  as  it  approaches  the 
tympanic  cavity.  It  is  the  seat  of  some  short,  stiff  hairs,  which 
help  to  prevent  the  entrance  of  foreign  matters.  It  is  supplied 
with  a  peculiar  modification  of  sweat  glands,  which  secrete  a 
waxy  material  that  helps  to  keep  the  walls  of  the  canal  and  the 
outside  of  the  membrane  moist  and  soft. 

The  elastic  column  of  air  in  any  circumscribed  space  resounds 
more  readily  to  some  one  tone,  varying  according  to  the  capacity 
of  the  space;  thus  resonators  of  different  pitch  are  formed. 
Different  tubes  have  different  notes  when  blown  into,  so  the  audi- 
tory canal  has  a  note  of  its  own,  and  if  the  canal  be  short,  the 
note  is  one  of  a  very  high  pitch.  When  a  tone  of  the  same  pitch 
as  that  to  which  the  canal  is  tuned  strikes  the  ear,  it  is  unpleas- 
antly magnified,  and  such  sounds  are  called  shrill  and  disagree- 
able. Upon  the  more  ordinary  sound  vibrations,  however,  the 
auditory  canal  has  little  or  no  effect. 

CONDUCTION  OF  SOUND  VIBRATIONS   THROUGH   THE 

TYMPANUM. 

The  end  of  the  auditory  canal  is  closed  by  the  membrana  tym- 
paniy  which  slopes  obliquely  from  above  downward"  and  inward, 
in  which  direction  its  size  is  greater  than  if  it  were  straight 
across  the  canal.  This  membrane  is  not  flat,  for  the  central 
point  is  drawn  in  by  the  handle  of  the  malleus^  which  is  firmly 
attached  to  it.  The  membrane  is  thus  held  in  the  shape  of  a  very 
blunt  cone,  somewhat  like  a  Japanese  umbrella,  the  apex  of 
which  points  inward  toward  the  cavity  of  the  drum.  The  pecu- 
liar form  of  the  membrane  of  the  drum  is  of  great  importance 
for  distinct  hearing. 

As  every  confined  volume  of  air  has  a  certain  proper  tone  to 
which  it  resonates  readily,  so  a  membrane  of  a  given  size  and 
tension  has  a  proper  tone  {self-tone\  the  vibration  period  of  which 
it  follows  naturally.  This  tone  varies  with  the  tension,  as  may 
be  seen  in  a  common  drum,  the  note  of  which  can  be  changed 
with  the  tension  of  its  parchment;  the  tenser  the  membrane, 
the  higher  the  pitch.  If  the  membrane  of  the  drum  of  our  ears 
were  set  to  one  tone,  our  hearing  would  be  imperfect  and 
unpleasant,  for  we  should  be  wearied   by  the  reiteration  and 
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jwrsistence  of  the  one  note.  This  does  not  occur ;  the  tympanic 
membrane  has  no  marked  self-tone,  and  no  succession  of  vibra- 
tions follows  the  first  effect  of  the  sound  waves. 

Any  self-tone  is  prevented  by  the  conical  shape  of  the  mem- 
brane, which  is  partly  due  to  the  traction  of  the  handle  of  the 
malleus.     If  a  stretched  membrane,  such  as  that  of  a  drum,  be 
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hraac  and  the  Jniemal  car.    The  lympaDum  ii  cul  throuoh  DcaHy  tranivcrHly,  and  ilia 
cavily  vimd  rrom  the  from  (left  ear).    (ScU/ir.) 
HcmbraiK,  m  I,  ol  Ihc  drum  lo  which  the  handle  of  ihc  mallcui.  ■>,  i>  atliclKd  ■■  ■. 

eittmal  limmm't,  j',t.m ;  long  proceu  of  incin,  /,,  connecting  mallnu  aiid'iiapesl  j  (., 
ihe  bau  of  which  cloici  iht  oval  upening  01  the  valibule  /.  External  audiiDry 
meatus  f.dH.M,    Inicnul  auditory  mealut  iMuju.,  where  the  two  parli  of  the  auditory 


drawn  out  at  its  centre,  so  that  it  is  no  longer  a  flat  surface,  its 
tension  is  different  at  the  centre  and  the  periphery,  being  greatest 
at  that  point  at  which  it  is  drawn,  and  gradually  decreasing 
toward  the  margin.  Since  the  existence  of  a  tone  of  a  definite 
pitch  dejjends  upon  a  certain  degree  of  tension,  if  no  two  parts 
of  the  membrane  are  similarly  tense,  no  one  tone  can  be  more 
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conspicuous  than  another.     This  is  the  case  with  the  tympanic 
membrane. 

The  independent  vibrations  of  the  membrane  are  further  pre- 
vented by  the  tympanic  ossicles.  These  httle  bones  do  not 
vibrate  molecularly,  but  move  en  masse  in  time  with  the  sound 
vibrations  which  they  deaden.  If  a  substance  incapable  of 
vibrating  be  attached  to  the  membrane  of  a  common  drum,  it 
ceases  to  vibrate.  A  touch  of  the  finger  to  the  membrane  suf- 
fices to  check  the  sound  produced  by  a  drum.  The  handle  of  the 
malleus,  which  is  joined  to  the  other  bones,  being  fixed  to  the 
membrane,  acts  in  this  way  as  a  damper,  and  checks  the  continu- 
ance of  any  vibration  in  the  membrana  tympani. 

A  small  muscle,  called  the  tensor  tympani,  is  attached  to  the 
malleus,  so  as  to  draw  it  toward  the  cavity  of  the  tympanum. 

The  motions  occurring  in  the  membrane  of  the  drum  are  con- 
veyed across  the  tympanic  cavity  by  means  of  the  three  small 
bones  known  as  the  malleus,  the  incus,  and  the  stapes.  These 
ossicles  form  an  angular  lever,  one  arm  of  which  (the  handle  of 
the  malleus)  is  attached  to  the  centre  of  the  tympanic  membrane, 
and  the  other  shorter  arm  (the  long  limb  of  the  incus)  unites 
with  the  stapes,  the  base  of  which  is  held  by  the  secondary  tym- 
panic membrane  in  the  oval  opening  leading  into  the  vestibule. 
The  stapes  is  attached  at  right  angles  to  the  extremity  of  the 
inner  arm  of  the  lever,  being  jointed  to  the  long  arm  of  the 
incus.  *  This  little  angular  lever  works  round  an  axis  which 
passes  from  before  backward  through  the  head  of  the  malleus, 
and  lies  above  the  membrane  of  the  drum,  the  two  points  which 
act  as  the  bearings  or  pivots  of  the  motion  being  the  slender  pro- 
cess of  the  malleus  in  front,  and  the  short  limb  of  the  incus 
behind. 

When  the  tympanic  membrane  vibrates  in  response  to  the 
sound  waves  of  the  air,  it  moves,  and  the  handle  of  the  malleus 
moves  in  and  out  with  it.  The  body  of  the  incus,  being  fixed 
by  a  firm  joint  to  the  head  of  the  malleus,  must  follow  these 
movements,  and  cause  the  oval  base  of  the  sta|>es  to  press  in  or 
draw  out  the  membrane  which  separates  the  tympanum  from  the 
vestibule.     Thus,  the  vibrations  of  the  air  communicated  to  the 
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tympanic  membrane  are  conveyed  across  the  tympanic  cavity  to 
the  liquid  in  the  labyrinth. 

A  small  muscle — the  stapedius — is  attached  to  the  stapes  near 
its  junction  with  the  incus,  and  pulls  upon  it  in  such  a  direction 
that  the  bone  is  drawn  out  of  the  direct  line  of  motion.  This 
action,  possibly,  reduces  the  more  ample  vibrations  of  the  tym- 
panic membrane,  which  might  injure  the  delicate  mechanism  of 

the  labyrinth. 

EUSTACHIAN  TUBE. 

The  tympanum  is  connected  with  the  pharynx  by  means  of 
the  Eustachian  tube,  which,  though  habitually  closed,  is  opened 
for  a  moment  by  swallowing  and  other  motions  of  the  pharynx. 
On  these  occasions  air  can  pass  in  or  out  of  the  tympanum,  so 
that  the  pressure  on  both  sides  of  the  membrane  of  the  drum  is 
equalized.  When  there  is  too  much  or  too  little  air  in  the  tym- 
panic cavity,  the  tympanic  movements  are  impeded.  This  diffi- 
culty is  felt  during  a  cold  in  the  head,  when  the  tube  is  occluded, 
and  the  oxygen  being  absorbed,  the  pressure  in  the  tympanic 
cavity  is  reduced.  Or  in  performing  what  is  known  as  Valsalva's 
experiment,  />.,  holding  the  nose  and  blowing  air  into  it,  where- 
by the  Eustachian  tubes  are  oi)ened,  and  too  much  air  is  often 
retained  in  the  tympanum,  so  that  the  pressure  from  within  is 
higher  than  that  from  without,  and  hearing  becomes  dull.  If 
the  act  of  swallowing  be  then  performed,  the  feeling  of  tension 
leaves  the  ears  as  the  excess  of  air  escapes,  and  hearing  becomes 
as  acute  as  before. 

The  Eustachian  tube  also  acts  as  a  way  of  escape  for  any  fluid 
that  may  be  secreted  by  the  epithelial  lining  of  the  tympanic 
cavity.  The  amount  of  fluid  is  so  small,  that  the  occasional 
opening  of  the  tube  suffices,  under  ordinary  circumstances,  for 
its  complete  escape.  When  increased  by  disease,  it  may  collect 
in  the  tympanum,  and  require  catheterization. 

If  the  tubes  were  permanently  oj^en,  we  should  suffer  from 
two  great  disadvantages.  At  every  breath,  during  ordinary 
respiration,  some  change  in  tension  of  the  air  contained  in  the 
cavity  of  the  drum  would  occur  and  impair  hearing;  the  vibra- 
tions of  the  air  in  the  pharynx,  produced  by  the  voice,  would 
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enter  the  dnim  directly,  and  give  rise  to  an  exaggerated  shouting 
noise. 

CONDUCTION  THROUGH  THE  LABYRINTH. 

Every  motion  of  the  oval  base  of  the  stapes  causes  a  wave  to 
pass  along  the  liquid  in  the  labyrinth.  The  bony  case  of  the 
internal  ear  being  firm,  the  wave  travels  through  all  parts  of  the 
internal  ear.  Through  the  cochlea  it  arrives  at  the  inner  tym- 
panic membrane  which  closes  the  fenestra  rotunda,  and  separates 
the  cavity  of  the  tympanum  from  the  scala  tympani  of  the 
cochlea.  The  waves  have  a  very  complex  route  in  passing  from 
Xht  fenestra  ovalis  closed  by  the  stapes  to  the  membrane  closing 
the  cochlea.     By  means  of  the  liquid  lying  around  the  mem- 


Diagram  of  the  membranous  labyrinth,  all  of  which  is  filled  with  endolymph  and  sur- 
rounded by  perilymph,  a,  b^  c,  semicircular  canals  opening  into  the  ventricle  4^;  e,  the 
saccule  from  which  tne  uniting cunal,y,  leads  into  the  membranous  canal  of  the  cochlea,^. 
{CMatui.) 

branous  lahyrinth—peri/ympA — the  waves  pass  up  the  vestibular 
spiral  of  the  cochlea,  and  arriving  at  its  summit,  they  descend  by 
the  tympanic  spiral  to  the  fenestra  rotunda.  In  this  course  they 
pass  over  and  under  the  fluid — endolymph — contained  in  the 
membranous  canal  of  the  cochlea  in  which  the  special  nerve 
terminations  are  placed. 

For  the  construction  of  the  labyrinth  the  student  is  referred 
to  the  text-books  of  anatomy,  as  space  only  admits  of  a  brief 
account  of  the  special  arrangements  of  the  nerve  ending. 

TERMINALS  OF  THE  AUDITORY  NERVE. 

The  nervous  mechanisms  which  are  most  important  for  the 
appreciation  of  Xones  are  those  situated  in  the  cochlea. 
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The  nen'e  endings  found  in  the  membranous  sacs  in  the  vesti- 
bule are  connected  with  peculiar  epitheloid  cells,  to  which  are 
attached  fine  bristle-like  processes.  These  processes  lie  in  the 
endoiymph,  and  are  related  to  calcareous  masses  called  otolWis. 
Waves  in  this  endolymph  possibly  bring  the  otoliths  into  collision 
with  the  hairs,  and  thus  give  a  stimulus  to  the  nerve  endings. 
Noises  may  be  heard  from  this,  but  no  impressions  of  tone  can 
be  appreciated.  The  use  of  the  nerves  going  to  the  other  parts 
of  the  labyrinth — amptiUce  of  the  semicircular  canals — is  doubt- 
ful, and  probably  not  immediately  connected  with  hearing,* 
The  coils  of  the  cochlea  are,  throughout  their  entire  length, 
partially  divided  by  a  bony  shelf  projecting  from  the  central  axis 
into  the  spiral  cavity.  This  is  called  the  osseous  spiral  lamina. 
In  the  fresh  state  the  separation  of  the  spiral  canal  into  an  upj)er 
(vestibular)  and  a  lower  (tympanic)  coil  is  completed  by  a  mem- 
branous partition,  which  stretches  from  the  bony  spiral  lamina 
to  the  opjx)site  side  of  the  spiral  canal.  This  is  called  the  mem- 
branous spiral  lamina,  and  forms  the  base  upon  which  the  special 
nerve  endings  of  the  organ  of  hearing  are  placed.  An  extremely 
delicate  membrane  called  the  membrane  of  Reissner  stretches 
from  the  upper  side  of  the  spiral  partition  obliquely  upward  to 
the  outer  wall  of  the  spiral  cavity,  so  as  to  form  a  canal  and 
cover  the  special  organ,  shutting  off  a  portion  of  the  vestibular 
coil  which  lies  over  the  membranous  spiral  lamina.  The  canal 
of  the  cochlea  thus  formed  is  triangular  in  section.  Its  floor  is 
made  up  chiefly  of  the  membranous  spiral  lamina,  i)articularly 
the  part  called  the  basilar  membrane,  while  the  oblique  roof  is 
composed  of  only  the  thin  membrane  of  Reissner.  The  canal 
follows  the  turns  of  the  cochlea,  lying  between  the  vestibular 
coil  and  that  leading  to  the  tympanum,  and  is  filled  with  a  fluid 
(endolymph)  which  is  quite  separate  and  distinct  from  that  in 
the  vestibular  or  tympanic  coils  (perilymph). 

The  cochlear  division  of  the  auditory  nerve  passes  into  little 
tunnels  in  the  central  bony  column  around  which  the  coils  of  the 
cochlea  turn,  and  ^mvcs  off  a  series  of  spiral  branches  which  run 


♦  Compare  equilibration,  in  connection  with  which  ihcy  will.be  described. 
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through  the  osseoas  spiral  lamina  to  reach  the  membranous  por- 
tion. A  collection  of  ganglion  cells  connected  with  the  radiating 
nerve  fibres  is  found  lying  in  the  spiral  canal  of  the  osseous 


TruHvine  Kclion  through  the  meinbraiioui  canal  of  Ihe  cochlea.    Striated  lone  of  basilar 
irembrane,  a.    Pectinate  mne  of  ih»  basiiar  memhnine,  *.    PerfbtTiteil  rone  of  biiilar 

pinglion,  /.  Umhm.y.  Rei«ner^''nie'inbr<iic,  r-  Tectorial  i^nSmne,  *!  imetnal 
rod  of  CdtH,  r.  RiltiMl  TDd  of  Coni,  i».  Special  cells  receiyingneivelemiiiuli.B./,/'. 
Epilheiiilcelli covering  the  baiilir  n>einbnuic,d.  Nem  librci,  i.  Spiial  ligament,*. 
tOu/iat.) 
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lamina.  Passing  through  the  bony  spiral  the  nerves  reach  the 
basilar  membrane,  which,  as  before  mentioned,  forms  a  great  part 
of  the  membranous  spinal  lamina,  and  upon  which  the  organ  of 
Corti  is  placed. 

The  organ  of  Corti,  placed  upon  the  basilar  membrane  within 
the  membranous  canal  of  the  cochlea,  is  made  up  of  a  series  of 
peculiarly  curved  bars  or  fibres,  called  the  rods  of  Corti,  and 
some  epitheloid  cells  provided  with  short,  bristle-like  processes. 
The  rods  of  Corti  are  fixed  by  their  broad  bases  upon  the  basilar 
membrane,  and  unite  above  in  such  a  way  that  the  outer  and 
inner  rods  form  a  bow  or  arch.  The  spiral  series  of  rods  thus 
propped  up  against  each  other  leave  a  small  space  or  tunnel 
under  them,  which  nms  the  entire  length  of  the  basilar  mem- 
brane. Beside  these  rods  of  Corti  are  placed  rows  of  cells  of  an 
epithelial  type  into  which  the  nerve  endings  pass.  From  the 
upper  surface  of  these  cells,  on  a  level  with  the  apex  or  junction 
of  the  rods,  a  number  of  hair-like  processes  project.  A  delicate 
reticulated  membrane  lies  over  the  rods  and  the  cells,  and  seems 
to  be  lightly  attached  to  their  surface,  while  the  hairs  pass 
through  its  meshes. 

The  basilar  membrane  is  made  up  of  fibrous  bands  held  together 
by  a  delicate  membrane.  The  fibres  pass  transversely  across  the 
spiral  canal  of  the  cochlea,  so  as  to  subtend  the  bases  of  the  outer 
and  inner  rods.  The  basilar  membrane  gradually  becomes  wider 
as  it  passes  from  the  base  to  the  summit  of  the  cochlea.  The 
length  of  the  rods  also  increases  toward  the  summit  of  the  organ, 
their  bases  being  more  widely  separated  from  one  another  and 
their  point  of  junction  nearer  to  the  basilar  membrane,  this  form- 
ing a  lower  and  wider  tunnel.  The  number  of  rods  of  Corti  has 
been  estimated  at  6000  inner  and  4500  outer. 

STIMULATION  OF  THE  AUDITORY  NERVE. 

The  stimulation  of  the  nerve  of  hearing  by  sound  vibrations 
of  the  air  is  less  difficult  to  understand  than  the  excitation  of  the 
optic  nerve  by  light  waves  which  are  conveyed  by  an  imponder- 
able medium.  The  motions  of  the  membrane  of  the  drum,  Ixjing 
conveyed  in  the  manner  already  indicated  to  the  liquids  within 
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the  internal  ear,  pass  over  and  under  the  cells  connected  with  the 
nerve  terminals,  which  are  placed  on  the  elastic  basilar  mem- 
brane. The  transverse  fibres  are  set  in  motion  by  the  waves  in 
the  fluid,  and  as  they  vibrate  they  communicate  the  motion  to 
the  organ  of  Corti.  The  bases  of  the  inner  rods,  being  fixed  at 
the  inner  margin  of  the  basilar  membrane,  can  move  but  little, 
and  the  bases  of  the  outer  rods  being  placed  near  the  middle  of 
the  fibres  of  the  membrane,  where  the  motion  of  the  vibrations 
is  most  extensive,  a  slight  change  in  their  relative  positions,  and 
a  consequent  movement  of  the  apex  of  the  bow  takes  place.  This 
movement  at  the  apex  of  the  bow,  where  the  rods  join,  is  com- 
municated by  the  medium  of  the  reticular  membrane  to  the  hairs 
in  the  special  auditory  cells,  thence  to  the  nerves,  where  an 
excitation  is  produced  giving  rise  to  the  transmission  of  an 
impulse  to  the  brain. 

We  can  distinguish  differences  of  (i)  loudness,  (2)  pitch  and 
(3)  quality  in  sounds. 

Since  the  loudness  depends  simply  on  the  amplitude  of  the 
vibration,  we  have  no  difficulty  in  understanding  how  variations 
in  it  can  be  appreciated,  since  the  more  ample  the  vibration  the 
more  marked  the  motion,  and,  therefore,  the  more  intense  the 
stimulation  of  the  nerve  terminals.  What  we  call  the  loudness 
of  a  sound  simply  means  greater  or  less  intensity  of  stimulation 
of  the  nerve. 

The  perception  of  diff*erence  oi pitch  presents  greater  difficulty. 
As  already  mentioned,  this  depends  on  the  rate  of  vibrations. 
We  know  that  most  bodies  capable  of  producing  sound  vibra- 
tions have  a  proper  tone,  / .  e, ,  that  which  they  produce  when 
struck.  When  the  tone  proper  to  a  body  capable  of  vibrating 
is  sounded  in  its  immediate  neighborhood,  it  also  is  set  vibrating 
through  the  medium  of  the  air.  If  a  clear  tone  be  sung  loudly 
over  the  strings  of  a  piano  a  kind  of  sympathetic  echo  will  be 
heard  to  come  from  the  strings  corresponding  to  the  notes  sounded. 
In  the  ba.silar  membrane  we  have  practically  a  series  of  strings 
of  different  length — since  the  membrane  gets  wider  as  it  passes 
from  below  upward  to  the  summit  of  the  cochlea — and  therefore 
a  great  variety  of  proper  tones.     With  a  high  note  a  fibre  of  one 


6X2  MANUAL   OF   PHYSIOLOGY. 

part  of  the  membrane  will  readily  fall  into  vibration,  and  with 
a  low  note  a  fibre  of  another  part.  Different  nerve  fibrils  are  in 
relation  to  these  different  parts,  and  we  may  conclude  that  tones 
of  different  pitch  stimulate  distinct  nerve  terminals,  and  are  con- 
veyed to  the  brain  by  separate  nerve  channels.  Impulses  arriv- 
ing at  certain  brain  cells  give  rise  to  the  idea  of  high  tones,  and 
impulses  coming  to  others  cause  the  impression  of  low  tones. 
There  are  about  a  sufficient  number  of  fibres  in  the  basilar  mem- 
brane for  all  the  notes  we  can  hear,  viz. ,  from  about  33  to  38,000 
waves  in  the  second. 

The  rods  of  Corti  cannot  be  the  vibrating  agents,  because  they 
are  absent  in  birds  which  appreciate  and  reproduce  various  notes  ; 
and  they  are  too  few  for  the  notes  we  hear.  Further,  the  rods 
are  not  elastic,  and  not  well  suited  for  vibration.  It  may,  there- 
fore, be  concluded  that  they  only  act  as  levers  which  convey  the 
vibrations  of  the  fibres  of  the  basilar  membrane  to  the  nerve 
endings  in  the  auditory  cells. 

The  explanation  of  our  wonderful  appreciation  of  the  delicate 
shades  of  quality  of  tone  is  still  more  difficult.  Even  p>er5ons 
with  indifferently  good  ears,  as  musicians  say,  and  no  special 
musical  education,  can  at  once  distinguish  between  the  quality  of 
the  same  note  when  sounded  on  a  violin,  a  piano  and  a  fiute. 
When  a  note  is  sung  against  the  strings  of  a  piano,  however  pure 
its  tone,  a  great  number  of  strings  are  set  vibrating.  Not  only 
does  the  string  of  that  note  vibrate,  but  also  all  those  that  have 
a  certain  simple  numerical  relation  to  its  vibrations.  In  fact,  all 
its  over-tones  resound.  In  the  cochlea  we  suppose  ,the  same  to 
take  place  with  the  fibres  of  the  basilar  membrane.  Not  only 
does  the  one  fibre  whose  proper  tone  is  sounded  vibrate  in 
response,  but  also  all  those  which  represent  the  varied  over-tones 
or  harmonics.  It  has  already  been  pointed  out  that  the  quality 
of  a  tone  depends  on  the  relative  number,  force  and  arrangement 
of  harmonics,  which  invariably  accompany  any  musical  note  that 
possesses  a  definite  character. 

When  a  note  arrives  at  the  auditory  nerve  terminals,  one  of 
these  is  strongly  stimulated  by  the  wave  of  the  fundamental 
tone,  and  many  others   by  the  different  over-tones,  for  every 
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prominent  over-tone  stimulates  the  cochlea.  The  complexity  of 
the  impression  increases  with  the  impurity  of  the  tone,  and  so 
we  appreciate  the  quality  of  a  note.  Thus,  a  compound  of  im- 
pulses, corresponding  to  a  mixture  of  tones  of  varying  intricacy, 
is  transmitted  to  the  brain  cells,  where  it  gives  rise  to  the  impres- 
sion of  the  quality  which  we  by  experience  associate  with  that 
of  a  violin,  flute  or  piano,  as  the  case  may  be. 

With  regard  to  the  judgment  of  the  distance  of  sound,  it  need 
only  be  remarked  that  it  chiefly  depends  on  former  experience 
of  the  habitual  quality  and  intensity  of  sound.  A  faint  sound 
with  the  same  quality  that  we  familiarly  attribute  to  loud  sound 
seems  to  us  to  be  far  away.  Thus,  sounds  reaching  our  laby- 
rinths by  the  cranial  bones  appear  distant,  and  ventriloquists 
deceive  us  by  imitating  the  character  of  distant  sounds. 

The  direction  from  which  sound  comes  is  chiefly  judged  by  the 
diflerence  of  intensity  with  which  it  is  heard  by  one  or  other  ear. 
When  we  cannot  form  any  idea  of  whence  a  sound  comes  we 
turn  our  heads  one  way  or  the  other  in  order  to  present  one  ear 
more  directly  to  the  origin  of  the  sound.  When  a  sound  is 
either  directly  behind  or  before  us  we  cannot  judge  from  which 
position  it  really  comes,  unless  the  head  be  slightly  turned  to  one 
side  or  the  other  before  the  vibrations  have  ceased  to  be  audible. 
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CHAPTER  XXXIV. 
CENTRAL  NERVOUS  ORGANS. 

The  central  part  of  the  nervous  system,  or  eerebro-spinal  axis, 
consists  of  the  spinal  cord,  the  medulla  oblongata  and  the  brain. 

The  central  nervous  organs  are  composed  of  a  soft  texture, 
consisting  of  nerve  cells  and  nerve  fibres,  held  together  by  a 
peculiar  and  very  delicate  form  of  connective  tissue,  known  as 
Neuroglia.     With  the  naked  eye  the  centra!  nervous  organs  can 


inlo  tnindL*  ** 


be  seen  to  l)e  comixjscd  of  two  distinct  kinds  of  substance:  (i)(i 
white  substance,  found  by  the  microscope  to  be  composed  of  nerve 
fibres,  with  a  medullary  sheath,  and  (2)  a  gray  substance,  consist- 
ing of  a  dense  fellwork  of  naked  axis  cylinders,  with  numerous 
ganglion  cells  intersfjersed  between  them. 

In  the  brain  the  gray  substance  is  distributed  chiefly  on  the 
surface,  forming  a  kind  of  gray  cortex,  which  follows  all  the 
irregularities  of  the  convolutions. 

In  the  spinal  cord  the  gray  matter  is  situated  inside  and  the 
white  outside.  If  viewed  longitudinally  the  gray  subitance  of 
the  cord  forms  sejorate  columns  on  cither  side,  which  extend 
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throughout  its  entire  length  and  are  thicker  in  the  cervical  and 
lumbar  regions.  These  gray  columns,  together  with  their  con- 
nections with  the  roots  of  the  spinal  nerves,  divide  the  white 
substance  of  the  cord  into  more  or  less  distinct  regions  called  the 
posterior  and  an tero- lateral  white  columns. 

The  general  properties  of  the  elements  of  nervous  tissue  have 
been  described  in  Chapter  xxvni.  The  functions  there  enumer- 
ated belong  also  to  the  fibres  and  cells  of  the  cerebro-spinal  axis, 
and  therefore  require  no  further  general  description  here. 


Besides  having  the  power  of  (omiucting,  reflecting,  coordinating, 
inhibiting,  retaining  and  originating  impulses,  we  must  attribute 
to  the  activity  of  the  nerve  cells  of  the  brain  the  various  mental 
phetiomena,  such  as  feeling,  thought,  volition,  memory,  etc., 
which  forms  of  activity  may  be  excited  either  by  impulses  arriv- 
ing from  without,  or  by  the  automatic  action  of  the  cells  of  the 
cerebral  cortex, 

THE  SPINAL   CORD. 

The  spinal  cord,  being  the  great  bond  of  connection  between 
the  brain  and  the  majority  of  the  leripheral  ntrves,  is  neces- 
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sarily  a  conducting  apparatus  of  the  very  first  importance,  and 
from  the  quantity  of  nerve  cells  lying  in  its  gray  matter,  it  must 
also  exercise  the  function  of  a  governing  organ,  or  ncrpe  centre. 

SPINAL  CORD  AS  A  CONDUCTOR. 

Anatomical  Methods. — Anatomical  investigation  shows  that  the 
spinal  cord  is  not  merely  a  collection  or  aggregation  of  the  fibres 
tliat  pass  Into  it.    In  the  first  place,  the  spinal  nerves,  if  bundled 


/ 


\ 
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Ihnnigh  Ihc  gray  nuiKr  of  Ihc  ipina]  cord  may  be  traced. 

together,  would  be  much  larger  than  the  cord,  even  at  its  thickest 
part ;  and  secondly,  it  does  not  taper  evenly  toward  its  lower 
extremity,  as  it  should  were  each  succeeding  pair  of  roots  a  direct 
loss  of  thickness.  The  question  then  arises.  How  are  the  fibres 
of  the  spinal  nerves  disposed  of  in  the  cord. 

The  posterior  roots  of  the  spinal    nerves  (Fig,   242,  f)  pass 
through  the  white  substance  to  reach  the  posterior  gray  column 
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(S/i),  where  they  break  up  into  twigs,  some  of  which  are  distrib- 
uted to  neighboring  parts  of  the  gray  network  of  fibrils,  in  which 
they  are  lost  without  their  union  with  the  cells  being  obvious  or 
immediate,  while  others  pass  into  the  posterior  white  columns. 

The  fibres  of  the  anterior  roots,  in  irregular  bundles  (a,  <i), 
traverse  the  superficial  white  part  of  the  cord  on  their  way  to 
reach  the  anterior  gray  columns,  into  the  cells  of  which  some  can 
be  directly  traced ;  others  enter  the  gray  matter  without  joining 
the  cells.  The  other  processes  from  these  cells  pass  into  the 
fibrillar  network  which  makes  up  the  great  mass  of  the  gray 
substance,  and  are  in  communication  with  the  distant  parts  of  the 
cord  above. 

Anatomy  may  thus  be  said  to  leave  us  in  the  dark  in  regard  to 
the  paths  traversed  in  the  cord  by  the  impulses  on  their  way  to 
or  from  the  root  of  the  spinal  nerves. 

Histology  only  teaches  us  that  the  gray  and  white  matter  of 
the  cord  consist  of — (i)  innumerable  fibrils  and  cells,  and  (2) 
medullated  fibres  variously  connected  with  the  different  groups 
of  cells  and  the  roots  of  the  spinal  nerves. 

Since  ordinary  histological  research  fails  to  show  the  complex 
connections  of  the  fibres  of  the  spinal  cord,  other  methods  have 
been  resorted  to  in  attempting  to  discover  their  course.  Of  these 
the  two  following  have  given  good  results :  — 

Developmental  Method. — It  was  found  that  the  medullary  sheath 
of  the  fibres  in  different  white  tracts  of  the  cord  was  perfected  at 
different  ages  of  an  animal,  and  by  tracing  the  course  of  the 
imperfectly  developed  fibres  the  functional  relations  of  certain 
tracts  could  be  arrived  at. 

Degenerative  Method. — It  is  well  known  that  a  degenerative 
process  (sclerosis),  easily  recognized  histologically,  soon  follows 
the  section  of  nerve  fibres.  This  change  takes  place  first  in 
those  fibres  situated  at  the  side  of  the  section  toward  which  the 
impulses  travel;  i.e.,  at  the  peripheral  end  of  an  efferent  and 
central  end  of  an  afferent  fibre.  By  carefully  tracing  the  course 
of  the  degenerated  tracts  after  section  or  pathological  lesion  the 
function  of  the  fibres  and  their  connections  with  other  parts  of 
the  nervous  centres  can  be  determined. 

52 
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By  these  methods  the  following  tracts  of  white  fibres  have 
been  made  out  in  the  spinal  cord  : — 

I.  The  direct  Pyramidal  tracts  (Tiirrk)  (Fig.  246,  T),  each  of 
which  is  continuous  with  the  pyramid  on  the  samt  side  of  the 

Fin.  MS. 
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medulla  oblongata.  They  lie  on  the  inner  as])ect  of  the  anterior 
white  column,  and  form  the  immediate  boundaries  of  the  anterior 
median  fissure.  These  tracts  ta[>er  from  above  downward  to 
nothing,  and  terminate  about  the  middle  of  the  dorsal  region. 
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The  fibres  leaving  them  appear  to  cross  by  the  anterior  com- 
missure to  reach  the  anterior  gray  column  of  the  opposite  side. 

2.  The  crossed  or  lateral  pyramidal  iracls  (Fig.  246,  P)  are 
continuous  with  the  pyramids  of  the  opposite  side  of  the  medulla 
where  the  crossing  of  the  fibres  is  completed.  They  lie  in  the 
lateral  white  columns,  occupying  their  posterior  part  next  to  the 
|>osterior  gray  columns,  and  are  separated  from  the  surface  by 
the  direct  cerel>ellar  tract  ((/<r).     The  crossed  pyramidal  tracts 


also  taper  toward  the  lower  part  of  the  cord,  but  can  be  traced 
to  the  lumbar  region.  The  fibres  are  connected  with  the  ante- 
rior gray  column  of  the  same  side. 

Section  of  these  tracts  in  the  cord  of  the  pyramids  in  the 
medulla,  or  the  channels  leading  from  the  mulor  area.s,  as  well  as 
destruction  of  the  motor  areas  in  the  cortex  of  the  brain,  is  fol- 
lowed by  descending  degeneration  of  both  these  pyramidal  white 
columns  along  their  entire  extent.     The  track  of  degeneration 
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corresponds  with  the  limits  assigned  by  developmental  research 
to  these  pyramidal  tracts.  It  therefore  seems  clear  that  they 
are  the  channels  by  which  the  efferent  impulses  from  the  brain 
travel  to  the  cells  of  the  anterior  cellular  column  of  the  spinal 
cord.  There  seems  to  be  no  functional  difference  between  those 
fibres  that  cross  in  the  medulla  at  the  decussation  of  the  pyra- 
mids and  those  which  pass  directly  from  the  medulla  to  the  same 
side  of  the  cord,  and  then  gradually  cross  on  their  way  to  their 
destination. 

m 

3.  The  rfirec/  cerebellar  tracts  {dc)  can  be  traced  from  the  infe- 
rior peduncle  of  the  cerebellum  to  the  superficial  part  of  the 
lateral  white  columns  of  the  cord,  where  they  form  a  flattened 
band  of  fibres  which  covers  in  the  crossed  pyramidal  tract.  The 
fibres  appear  to  be  connected  with  the  cells  of  Clarke's  column, 
to  be  described  below.  This  tract  tapers  toward  the  lumbar 
region,  about  the  upper  limit  of  which  it  disappears. 

After  section  of  the  cord  ascending  degeneration  can  be  traced 
along  these  tracts  through  the  restiform  bodies  of  the  medulla 
oblongata  to  the  vermiform  process  of  the  cerebellum.  Hence 
we  may  conclude  that  they  carry  centripetal  impulses. 

4.  The  posterior  median  columns  (GoU)  are  thick  strands  of 
white  fibres,  triangular  in  section  (Fig.  246,  G),  which  form  the 
immediate  boundary  of  the  posterior  median  fissure.  They  can 
be  traced  from  the  medulla  to  the  mid-dorsal  region,  where  they 
taper  to  a  point.  Some  of  the  fibres  of  the  posterior  roots  are 
connected  with  this  column. 

In  GoU's  posterior  median  column  ascending  degeneration  can 
be  traced,  after  section,  up  to  the  clavate  nucleus  of  the  medulla. 
This  tract  is  therefore  also  afferent. 

5.  Anterior  root  zone  {ar)  is  the  name  given  to  the  white  sub- 
stance next  to  the  anterior  gray  columns  not  included  in  the 
parts  just  described.  These  tracts  do  not  taper  toward  the  lower 
part  of  the  cord,  but  vary  in  thickness  with  that  of  the  roots  of 
the  spinal  nerves,  being  thickest  at  the  cervical  and  lumbar 
enlargements. 

After  transverse  section  of  the  cord  descending  sclerosis  can 
be  traced  a  short  distance  down  these  tracts.     The  direction  of 
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the  degeneralion  shows  them  to  be  efferent,  but  from  the  limited 
extent  of  the  sclerosis  we  may  suppose  that  they  only  carry 
impulses  from  the  upper  to  the  lower  regions  of  the  spinal  cord. 
6.  Posterior  rool  tones  (Burdach)  {;*r)  surround  the  part  of 
the  gray  column  from  which  the  posterior  roots  spring,  and  vary 
in  proportion  to  the  size  of  the  roots  of  the  spinal  nerves. 


csofs'h'.dirj"* 

1:  r/.  Cmncil  pyranidil 


The  mode  of  degeneration  (limited  ascending  sclerosis)  of  these 
fibres  teaches  us  that  they  are  afferent  channels  jirolrably  carry- 
ing imjHilses  from  the  cells  of  the  lower  parts  of  the  posterior 
gray  columns  to  those  in  its  ui>])er  segments. 

Experimental  Methods. — Itesrdes  the  foregoing  anatomical  facts, 
we  team  from  exi)erimental  research  certain  facts  concerning  the 
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loss  of  function  which  follows  transverse  sections  of  different 
extent,  of  the  spinal  cord. 

1 .  Complete  section  of  the  cord  is  followed  by  loss  of  sensa- 
tion and  the  power  of  voluntary  motion  in  the  parts  below  the 
point  of  section  (Galen). 

2.  Section  of  one  side  of  the  cord  is  followed  by  loss  of  sensa- 
tion on  the  side  of  the  body  opposite  to  and  below  the  section, 
and  loss  of  all  voluntary  motion  of  the  parts  below  and  on  the 
same  side  as  the  injury  of  the  cord.  Increased  sensitiveness  of 
the  parts  where  the  motor  paralysis  exists  is  also  said  to  be 
observed  in  some  of  the  lower  animals. 

3.  If  the  gray  matter  and  the  anterior  and  posterior  white 
columns  of  one-half  of  the  cord  be  cut  across,  /'.  ^.,  when  only 
the  lateral  white  columns  remain  intact  on  that  side,  both  motor 
and  sensory  impulses  (as  observed  in  the  rabbit)  seem  to  be  trans- 
mitted normally. 

4.  Longitudinal  section  of  the  commissures  which  unite  the 
two  sides  of  the  cord,  so  as  to  separate  the  lateral  halves,  is  said 
not  to  influence  voluntary  motion,  but  produce  an  ill-defined 
loss  of  sensation  below  the  lesion. 

5.  Experiments  consisting  of  partial  and  local  sections  were 
conducted  with  the  object  of  determining  the  exact  course  of  the 
impulses  giving  rise  to  different  kinds  of  sensation ;' and  it  was 
concluded  that  ordinary  sensory  impulses  (pain)  traveled  by  the 
gray  matter,  while  tactile  temperature  and  muscle  sense  traveled 
tfia  the  posterior  white  columns.  Though  pathological  observa- 
tion and  the  occurrence  of  " analgesia*'  (unimpaired  tactile 
sense  with  local  loss  of  painful  impressions)  suggest  the  idea  of 
such  distinct  paths  for  different  kinds  of  sensation,  it  would 
appear  that  the  localization  of  pain  to  the  gray  matter  and  of 
touch,  etc.,  to  the  posterior  white  column  cannot  be  accepted  as 
demonstrated  experimentally. 

From  the  foregoing  we  may  draw  the  following  conclusions  : — 

I.  Voluntary  motor  impulses  from  the  cortex  of  the  brain 

travel  directly  to  the  pyramidal  tracts,  and  thence  to  the  cells  of 

the  anterior  gray  columns.     The  fibres  decussate  in  the  medulla 

or  in  the  upper  part  of  the  cord. 
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2.  Molor  impulses  travel  from  the  upper  to  the  lower  segments 
of  the  cord  in  the  white  fibres  around  the  anterior  gray  columns. 
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3.  Various  afferent  impulses  cross  at  once  on  entering  the  cord 
to  the  posterior  gray  cohimns  of  the  other  side,  and  then  ascend 
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by  the  neighboring  white  fibres  of  the  posterior  root  zones,  the 
direct  cerebellar  tract,  the  posterior  median  tract  of  Goll,  and 
probably  also  by  some  of  the  white  channels  of  the  lateral 
column. 

4.  Besides  their  numerous  thin  protoplasmic  connections  in 
the  various  segments  of  the  gray  matter,  all  the  cells  of  the  cord 
are  in  communication  with  their  more  distant  neighbors  by 
means  of  the  white  fibres  of  the  root  zones. 

SPINAL  CORD  AS  A  COLLECTION  OF  NERVE  CENTRES. 

In  the  gray  substance  there  is  still  greater  diflliculty  in  tracing 
the  course  taken  by  the  various  kinds  of  impulses,  and  little  is 
known  on  the  subject  beyond  what  is  surmised  from  the  prox- 
imity of  the  different  parts  to  the  anterior  and  posterior  roots  and 
to  the  white  channels  the  function  of  which  is  known. 

Though  the  attempt  to  localize  the  different  functions  to  any 
anatomical  region  has  not  met  with  success,  histology  has  taught 
us  of  the  existence  of  certain  groups  of  cells  which,  when  viewed 
longitudinally,  may  be  called  vesicular  columns.  Of  these,  four 
may  be  named  as  distinctively  marked.     (Fig.  247.) 

1.  The  anterior  (motor)  cellular  columns  occupy  the  gray 
matter  seen  in  sections  of  the  cord  as  the  anterior  cornua.  They 
extend  throughout  the  entire  length  of  the  cord,  the  cells  being 
specially  numerous  where  the  large  motor  roots  come  off.  The 
cells  are  characterized  by  their  great  size  and  the  number  of 
their  branches,  one  of  which  forms  the  axis  cylinder  of  one  of 
the  motor  fibres  passing  to  the  roots  of  the  spinal  nerves. 

2.  Tht posterior  cellular  columns  situated  in  the  gray  matter  of 
the  posterior  cornua  are  much  less  obvious  than  the  anterior. 
The  cells  are  few,  small  and  mostly  spindle-shaped.  Their  pro- 
cesses are  not  readily  traced  to  the  roots  of  the  spinal  nerves. 

3.  The  postero-median  cellular  column  (Clarke)  lies  on  the 
median  side  of  the  posterior  gray  column,  so  that  it  forms  the 
inner  part  of  the  posterior  cornua  near  its  base.  The  cells  are 
numerous,  but  much  smaller  than  those  of  the  anterior  vesicular 
column.  Clarke's  column  is  best  developed  at  the  junction  of  the 
lower  dorsal  and  upper  lumbar  nerves.     It  tapers  off  above  and 
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below,  and  the  cells  cease  to  form  a  continuous  column  opposite 
the  seventh  cervical  nerve.  But  scattered  groups  of  cells  in  a 
corresponding  position  are  found  throughout  all  the  cervical 
cord,  and  seem  to  link  this  spinal  column  with  the  vagus  nucleus 
in  the  medulla. 

4.  The  inUrtnedio' lateral  cellular  columns  lie  in  the  lateral  con- 
cavities seen  on  section  between  the  anterior  and  posterior  gray 
cornua.  They  thus  occupy  a  position  between  the  lateral  white 
column  and  the  central  part  of  the  gray  matter.  They  are  best 
marked  in  the  dorsal  region,  as  they  seem  fused  with  the  cells  of 
the  anterior  cornua  in  the  lumbar  and  cervical  enlargements. 

The  facts  that  cells  functionally  related  are  grouped  in  ma^es 
at  the  points  where  the  spinal  nerves  arise,  and  that  the  various 
regions  of  the  cord  can  respond  to  stimulus  when  severed  from 
the  rest,  seem  to  indicate  that  a  strict  homology  exists  between 
the  spinal  centres  of  vertebrate  and  the  central  nervous  system 
in  many  of  the  lower  animals,  which  consists  of  a  double  chain 
of  ganglia,  united  together  by  conducting  channels. 

We  may  then  suppose  the  gray  matter  of  the  spinal  cord  to 
be  made  up  of  a  series  of  segments,  corresponding  in  number  to 
the  vertebral  development,  fused  together  into  one  continuous 
organ.  These  segments  may  be  supposed  to  receive  the  afferent 
impulses  from  corresponding  parts  of  the  body,  and  send  efferent 
impulses  to  muscles  capable  of  moving  that  part,  just  as  the 
separate  ganglia  of  the  invertebrate  chain  preside  over  the  func- 
tions of  the  corresponding  somite  of  the  animal's  body. 

The  various  groups  of  cells  in  the  spinal  cord  are  in  more  or 
less  direct  union  with  the  roots  of  the  nerves  and  the  conducting 
fibrils  of  the  cord  itself,  so  that  they  participate  in  the  transmis- 
sion of  the  impulses  to  and  from  the  centres  situated  ii^the  brain. 
In  the  transmission  of  these  impulses  the  cells  seem  to  have  a 
certain  directing  and  controlling  influence  which  deserves  special 
attention,  as  it  gives  us  the  key  to  the  more  complex  mechanisms 
of  the  higher  centres.  Although  the  various  powers  exerted  by 
the  cells  of  the  spinal  cord  are  so  intimately  associated  together 
as  to  be  practically  inseparable,  it  is  found  convenient  to  consider 
their  functions  under  distinct  headings. 
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REFLEX    ACTION. 

When  an  afferent  impulse  arrives  at  the  cells  of  the  posterior 
column,  it  is  communicated  to  the  cells  in  the  same  segment,  and 
reaching  motor  cells  it  gives  rise  to  a  movement  of  the  muscles 
of  the  neighborhood  from  which  the  impulse  first  started.  At 
the  same  time  impulses  travel  to  the  brain,  and  there  give  rise  to 
a  consciousness  of  the  various  events  taking  place,  /.  e.,  a  local 
stimulation  and  a  local  movement.  The  action  of  the  cells  of 
the  cord  takes  place  without  the  aid  of  the  will,  and  occurs 
before  the  mind  is  conscious  of  it.  These  movements,  being  a 
turning  back  of  the  impulse,  are  called  reflex  acts. 

Reflex  action  forms  the  most  ordinary  function  of  the  cells  of 
the  spinal  cord.  Even  the  gentlest  stimulation  may  give  rise  to 
a  complex  movement,  the  execution  of  which  requires  many 
muscles  to  act  together,  as  it  were,  with  a  common  object.  An 
unexpected  touch  to  the  finger  causes  a  person  to  withdraw  the 
hand  quickly.  If  greater  or  more  prolonged  stimulus  be  applied, 
more  extensive  movements  occur ;  by  the  well-arranged  coopera- 
tion of  many  muscles,  a  forcible,  definite  and  familiar  action  is 
performed.  For  example,  if  the  burning  head  of  a  match  adhere 
under  the  thumb  nail,  more  than  a  mere  withdrawal  of  the  hand 
takes  place.  The  entire  arm  is  violently  shaken,  before  the  will 
has  time  to  come  into  operation.  We  have  here  a  complex  form 
of  purposeful  muscular  movement,  the  immediate  result  of  an 
impulse  coming  from  a  single  point  of  the  skin,  owing  to  the 
spreading  of  the  impulse  to  the  cells  of  the  segments  in  the 
vicinity.  The  movement  is  regular,  performed  with  a  definite 
purpose,  as  if  it  were  the  result  of  thought,  but  since  there  is  no 
consciousness,  it  cannot  be  mental. 

If  the  degree  of  stimulation  be  carefully  regulated,  it  will  be 
found  that  the  results  obtained  by  peripheral  stimulation  depend 
on  {a)  the  strength  of  the  stimulus,  and  the  length  of  time  for 
which  it  is  applied ;  (^)  the  degree  of  excitability  of  the  cells, 
and  the  readiness  with  which  the  impulses  pass  along  the  thin, 
conducting  channels  to  the  gray  matter,  and  {c)  the  functional, 
activity  of  the  muscles  which  act  as  indicators  of  the  reflex 
effects. 
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All  these  points  may  be  easily  studied  on  a  frog  decapitated 
about  an  hour  beforehand.  If  the  animal  be  suspended  by  the 
lower  jaw  and  the  toe  touched,  the  foot  is  gently  withdrawn.  If 
the  toe  be  smartly  pinched,  the  entire  limb  is  forcibly  raised ;  with 
intense  or  prolonged  stimulus  both  legs  are  violently  moved.  If 
a  fragment  of  blotting  paper,  moistened  in  weak  acid,  be  placed 
on  the  belly,  in  a  position  not  easily  reached  by  the  foot,  a  com- 
plex series  of  movements  follows.  The  muscular  action  is  both 
elaborate  and  purposeful,  and  the  movements  of  the  headless 
animal  might  almost  be  called  ingenious. 

Strength  and  Duration  of  Stimulus. — By  graduating  the  strength 
of  the  acid  used  to  moisten  a  square  millimetre  of  blotting  paper, 
the  following  results  are  obtained :  When  very  weak  acid  is 
employed  only  slight  local  and  unilateral  movement  is  caused. 
Stronger  acid  produces  a  series  of  reflex  movements,  spreading 
to  several  muscles  on  both  sides  of  the  body.  If  further 
strengthened,  the  movements  become  violent  and  more  extended 
until  the  whole  body  is  thrown  into  convulsion.  The  movements 
spread  from  the  nerve  cells  to  their  neighbors,  and  then  to  those 
governing  the  corresponding  muscles  of  the  other  side,  in 
which,  however,  they  are  less  marked  than  in  those  of  the  side 
stimulated. 

Slight  stimulation,  when  of  short  duration,  not  sufficient  to 
produce  immediate  response,  may,  after  a  time,  give  rise  to  defi- 
nite reflex  action,  as  if  the  weak  impulses  arriving  at  the  nerve 
cells  in  the  cord  were  stored  up  until  their  sum  sufficed  to  pro- 
duce a  definite  reflex  movement.  This  may  be  seen  in  animals 
whose  nerve  centres  are  intact,  for  the  cells  of  more  remote  parts 
exercise  a  kind  of  checking  influence  on  those  in  the  region 
receiving  the  stimulus,  and  thus  the  accumulative  action  (sum- 
mation) comes  more  effectively  into  play.  In  the  human  subject, 
where  slight  visceral  stimulations  exist  for  a  long  time,  this 
summation  may  be  observed.  In  some  of  these  cases,  even  with- 
out sensory  appreciation  of  the  local  excitation,  an  amount  of 
energy  may  be  accumulated  in  the  gray  tracts  of  the  cord,  that 
will  bring  on  the  most  extensive  forms  of  reflex  muscular  move- 
ment.    These  movements  differ  often  from  the  regular  coord i- 
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nated  motion  resulting  at  once  from  skin  stimulation.  As  an 
example  of  this  may  be  named  the  convulsions  that  occur  in 
young  children  from  the  prolonged  irritation  of  intestinal 
worms,  or  during  the  painful  period  of  dentition. 

Exalted  Excitability  of  the  Cells, — In  certain  conditions  of  the 
nervous  system  convulsions  can  be  readily  excited.  As  most 
striking  among  these,  may  be  named  poisoning  with  the  alkaloid 
of  nux  vomica  (strychnia),  and  the  state  of  the  blood  which  is 
produced  by  cessation  of  the  respiratory  function  (asphyxia). 
These  toxic  conditions  bring  about  a  peculiar  excitable  state  of 
the  cells  or  conducting  fibres  of  the  spinal  cord,  in  which  im- 
pulses pass  with  unwonted  facility  from  one  part  to  another,  and 
give  rise  to  an  excessive  degree  of  action  even  in  response  to 
gentle  stimulation.  A  frog  poisoned  with  strychnia  is  thrown 
into  general  spasm  by  the  least  touch,  which  normally  would 
only  cause  it  to  withdraw  the  limb. 

On  the  other  hand,  there  are  mdJiy  poiscms  which  deaden  the 
reflex  powers  of  the  cord  centres,  among  which  are  opium,  chloro- 
form, chloral,  digitalin,  etc.  The  condition  of  the  blood  (apncsd) 
which  may  be  brought  about  by  very  rapid  movements  during 
artificial  respiration,  has  also  the  effect  of  lowering  the  excita- 
bility of  the  spinal  nerve  cells,  and  slowing  respiration. 

INHIBITION  OF  REFLEX  ACTION. 

The  great  majority  of  reflex  actions  may  be  prevented  or  con- 
trolled by  the  will,  and  the  basal  ganglia  and  medulla  habitually 
exert  a  checking  or  inhibitory  influence  on  the  reflex  actions  of 
the  spinal  cord.  It  is  in  this  way  that  we  account  for  the  facts 
that  a  living  frog  when  stimulated  does  not  respond  with  the 
ordinary  reflex  movements,  and  that  a  human  being,  when 
a.sleep,  shows  reflex  action  in  response  to  a  slight  stimulus  that 
would  be  quite  ineffectual  were  he  awake.  For  some  little  time 
after  pithing  a  frog,  constant  or  regular  results  are  seldom  met 
with,  because  the  section  of  the  upper  part  of  the  spinal  cord 
acts  as  a  stimulus  to  those  channels  which  habitually  bear  im- 
pulses from  the  brain,  and,  by  exciting  them,  has  inhibitory 
effect.     Further,    artificial   stimulation   of  the  corpora   quadri- 
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gemina  and  medulla  have  the  effect  of  checking  the  reflex  action 
of  the  cord. 

If,  while  the  cord  is  employed  in  reflex  action,  in  response  to 
gentle  cutaneous  stimulation,  the  central  end  of  a  large  sensory 
nerve  trunk  be  stimulated,  the  reflex  action  ceases.  In  short,  it 
may  be  accepted  that  strong  impulses  arriving  at  the  cord  from 
any  direction  have  the  effect  of  inhibiting  the  action  of  its 
reflecting  cells. 

The  theory  of  reflex  action  lies  at  the  bottom  of  all  nervous 

activities,  and  it  is  therefore  useful  to  attempt  to  work  out  the 

details  of  the  mechanisms  by  means  of  which  it  is  carried  on.    A 

P^^.  ^  simple  plan  of  the  channels  traversed  by 

the  impulses  is  given  in  the  diagram  (Fig. 

249),  in  which  the  arrow  heads  show  the 

direction  of  the  aff"erent  impulse  passing 

along  the  posterior  root  to  reach  a  cell  in 

the  posterior  gray  column,  thence  it  passes 

to  a  cell  in  the  anterior  column,  to  reach 

s.  Sensory  receiving  organ      the  efferent  fibre,  and  through  the  anterior 

niive  fib«'*'''*     ^^"^"'     motor  root  of  the  nerve  on  its  way  to  the 

G.^  Central  organs-ganglion      n^^s^le.     It  has  been  suggcsted  that  the 

\,!^m  Se?v^I  °'^*"  """^  *^"  impulse  meets  with  considerable  resist- 
ance in  passing  through  the  protoplasm 
of  the  cells,  and  that  owing  to  this  resistance,  the  effect  of  a  slight 
stimulus  remains  localized,  while  more  |X)werful  impulses  can 
overcome  the  resistance,  and  spread  to  a  greater  number  of  cells. 
Thus,  the  regular  radiation  in  the  cord  would  be  simply  depend- 
ent on  the  inability  of  the  impulses  to  affect  cells  other  than 
those  in  their  immediate  neighborhood.  Following  out  this  view, 
it  has  been  suggested  that  the  resistance  is  increased  by  impulses 
arriving  at  the  cells  from  a  different  direction,  and  the  inhibitory 
action  of  the  higher  centres,  or  peripheral  excitation  of  another 
part,  impedes  the  spreading  of  the  impulses. 

But  this  theory  of  resistance  to  and  interference  with  the  trans- 
mission of  impulses  in  the  nerve  cells  hardly  explains  all  the 
phenomena  observed  in  the  reflex  action  of  the  spinal  cord  and 
the  various  modifications  it  can  undergo. 


INHIBITION   OF   REFLEX   ACTION. 


The  reflex  convulsions  that  occur  in  poisoning  with  strychnine, 
or  as  the  result  of  some  constant  but  slight  stimulation,  may  be 
explained  as  follows: — 


;"= 


Besides  the  resistant  protoplasmic  fibrils  in  the  gray  i)art  of 
the  cord,  there  exist  medullated  fibres  in  the  root  zones — short 
cuts,  as  it  were — by  which  impulses  travel  from  one  part  of  the 
cord  to  another.     If  we  suppose  the  ordinary  reflex  traffic  of  the 
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cord  cells  to  be  carried  on  without  the  assistance  of  these  direct 
lines  of  communication,  we  must  assume  that  there  is  some  special 
means  of  shutting  these  fibres  out  of  the  working  of  the  reflex 
machine.  Such  special  mechanisms  in  all  probability  exist,  and 
are  in  relationship  with  or  under  the  command  of  the  inhibitory 
cells  of  the  higher  centres.  We  may  then  suppose  that  strychnine 
removes  the  f)ower  of  these  inhibitory  agents,  and  the  impulses 
finding  the  direct  ways  open,  take  these  routes,  and  are  simul- 
taneously and  irregularly  diffused  throughout  all  the  cell  terri- 
tories (indej^endent  of  the  ordinary  paths  they  have  been  educated 
to  follow),  and  thus  convulsive  movements  are  excited  in  many 
parts  of  the  body. 

In  like  manner  the  unremitting  activity  necessary  to  keep  in 
check  the  impulses  arriving  from  a  constant  source  of  stimulation 
(such  as  intestinal  worms),  eventually  fatigues  the  active  ele- 
ments in  this  inhibitory  mechanism,  and  then— often  suddenly — 
the  force  of  the  accumulated  irritation  rushes  along  the  direct 
channels  to  all  parts  of  the  cord,  and  simultaneously  exciting 
them,  brings  many  discordant  muscles  into  spasmodic  action. 

The  reflexion  of  an  impulse  from  a  sensory  nerve,  through  the 
cells  of  the  spinal  cord  to  a  motor  nerve,  occupies  a  measurable 
length  of  time,  which  has  been  estimated  at  about  -^  o(  sl  second. 
The  time  required  for  the  performance  of  a  reflex  act  varies  con- 
siderably in  the  same  individual  under  different  conditions ;  of 
these,  high  temperature  and  intense  stimulation  shorten  the  time, 
and  fatigue  or  cold  lengthen  it. 

SPECIAL  REFLEX  CENTRES. 

Many  of  the  groups  of  nerve  cells  in  the  cord  are  employed  in 
executing  familiar  acts  essential  to  the  animal  economy  inde- 
pendent of  the  will.  Many  of  these  acts  are  very  complex,  and 
require  the  coordinated  action  of  certain  sets  of  muscles.  Such 
groui)s  of  nerve  cells  have  been  called  special  centres,  and  many 
of  them  have  already  been  described  in  the  preceding  chapters. 
The  more  important  are  : — 

I.  A  centre  for  securing  the  retention  of  the  urine  by  the  tonic 
contraction  of  the  sphincter  muscle  of  the  bladder.    This  group 
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of  nerve  cells  is  probably  kept  in  action  by  impulses  arriving 
from  the  bladder  by  the  afferent  nerves  passing  from  its  walls  to 
the  spinal  cord.  The  more  distended  the  bladder  becomes,  the 
more  powerful  the  stimulus  sent  to  the  cord,  and  therefore  the 
more  firmly  the  sphincter  is  made  to  contract. 

2.  Nearly  related  to  the  former  is  the  centre  which  presides 
over  the  evacuation  of  the  bladder.  This  is  excited  by  impulses 
arriving  from  the  urethra,  near  the  neck  of  the  bladder.  It  then 
sets  the  detrusor  muscle  in  action,  while  the  sphincter  is  relaxed 
by  voluntary  inhibition. 

3.  The  ejaculation  of  the  semen  may  also  be  said  to  be  accom- 
plished by  a  special  spinal  centre,  capable  of  controlling  move- 
ments, in  which  involuntary  muscles  play  an  important  part. 

4.  In  parturition  a  number  of  motions  are  called  into  play  (as 
well  as  the  uterine  contraction)  which  are  so  regularly  coordi- 
nated, though  involuntary,  as  to  entitle  us  to  suppose  that  they 
are  arranged  by  a  special  centre  in  the  spinal  cord. 

5.  The  act  of  defecation  is  accomplished  by  means  of  a  spinal 

centre  also.    The  action  of  this  centre  might  (like  that  presiding 

over  the  urinary  bladder)  be  divided  into  two  parts — retention 

and  evacuation — in  which  volition  and  intestinal  peristalsis  play 

a  very  important  part. 

CO-ORDINATION. 

From  what  has  been  said  concerning  the  more  complex  reflex 
actions,  it  is  clear  that  the  cells  of  the  spinal  cord  are  capable  of 
arranging  the  discharge  of  nerve  impulses,  so  as  to  bring  about 
definite  purposeful  movements.  This  power  of  coSrdinating  im- 
pulses, which  is  so  striking  in  some  reflex  actions  after  the  brain 
has  been  destroyed,  is  equally  important  in  arranging  efferent 
impulses  and  accomplishing  ordinary  voluntary  movements.  In 
fact,  most  of  the  details  of  the  mode  of  working  of  the  muscles 
are  under  the  control  of  the  cells  of  the  spinal  cord. 

It  will  help  us  in  formulating  the  mechanism  if  we  suppose  the 
resistance  in  the  gray  part  of  the  cord  to  be  much  greater  than 
that  in  the  medullated  nerve  channels,  and  that  throughout  it 
the  paths  are  so  numerous  that  each  individual  nerve  cell  might 
be  in  communication  with  every  other  nerve  cell.     These  paths 
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are  made  passable  by  use;  the  oftener  an  impulse  traverses  a 
given  route  the  more  adapted  such  a  route  becomes  for  future 
traffic.  Thus,  by  practice,  we  constantly  freshen  certain  chan- 
nels of  intercommunication  between  the  various  cells  of  the  cord 
and  thus  make  beaten  tracks,  along  which  impulses  can  pass 
without  hindrance.  In  a  similar  way  certain  groups  of  nerve 
cells  acquire  the  habit  of  working  together  and  exciting  complex 
movements  which  at  first  were  impossible.  The  nerve  paths, 
along  which  the  impulses,  producing  common  movements,  have 
to  pass,  are  no  doubt  prepared  by  the  long  practice  of  our  ances- 
tors, and  the  power  of  performing  these  actions  is  transmitted  to 
us  ready  for  immediate  application.  Other  paths  connecting 
groups  of  cells  required  for  the  production  of  unusual  combina- 
tions of  movements  have  to  be  practiced  by  the  individual,  and 
much  of  the  difficulty  of  learning  any  trade  of  special  manual 
dexterity  depends  on  the  necessity  of  making  impulses  readily 
traverse  definite  directions,  so  as  to  excite  certain  groups  of  cells 
to  act  synchronously  and  set  the  required  combination  of  mus- 
cles in  accurately  coordinated  motion.  Indeed,  the  delicacy  of 
manipulation  required  by  some  trades  cannot  be  attained  in  the 
lifetime  of  one  individual;  thus,  it  is  said  to  require  three  gene- 
rations to  make  a  perfect  glassblower ;  the  grandson  having  the 
benefit  of  the  hereditary  tendency  to  accompli.sh  certain  coordi- 
nations acquired  by  the  lifelong  habit  of  the  parents. 

The  importance  of  this  technical  education  of  the  cells  of  the 
spinal  cord  in  the  execution  of  delicate  manipulations  will  be 
felt  if  one  attempt  to  imitate  the  movements  of  precision  which 
a  skilled  craftsman  executes  without  attention  or  voluntary  effort 
even  in  the  most  careless  exercise  of  his  craft.  The  practice 
required  for  such  education  is  experienced  by  any  one  who  attains 
skill  in  the  simplest  s[)ecial  manipulation,  from  writing  to  play- 
ing the  violin. 

AUTOMATLSM. 

Besides  being  excited  to  action  by  impulses  coming  from  the 
brain — volition — ^and  from  the  surface — reflexion — the  groujK  of 
cells  in  the  spinal  cord  may  act  without  any  obvious  incoming 
impulse  ;  that  is  to  say,  some  of  the  cells  appear  to  be  capable  of 
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independent  activity.  Such  groups  of  nerve  cells  are  commonly 
called  automatic  centres ;  the  more  important  of  those  found  in 
mammalia  may  be  classified  as  follows : — 

1.  Vasomotor  centres :  Though  the  central  point  controlling 
the  contraction  of  the  blood  vessels  is  situated  in  the  medulla, 
there  is  no  doubt  that  even  in  man,  centres  are  distributed 
throughout  the  gray  matter  of  the  spinal  marrow,  which  are 
capable  of  keeping  up  the  arterial  tone  in  the  regions  over  which 
they  preside.  As  evidence  of  this  may  be  mentioned  the  fact 
that  the  dilatation  of  the  arteries,  which  follows  the  severance  of 
the  lumbar  part  of  the  cord  from  the  medulla,  only  lasts  a  few 
days,  after  which  the  vessels  again  contract  in  a  distinctly  tonic 
manner.  The  arterial  tonus  only  disappears  completely  and  per- 
manently when  the  spinal  cord  is  destroyed.  Thus,  it  would 
appear— although  habitually  all  the  vessels  of  the  body  are  regu- 
lated by  a  centre  in  the  medulla,  nearly  related  to  the  cardiac 
centre — that  every  vascular  region  has  a  nervous  mechanism  of 
its  own  in  the  cord,  which  suffices  to  keep  up  the  tonic  contrac- 
tion of  the  muscular  coat  of  its  vessels. 

2.  Sweating  centres:  Though  closely  related  to  the  preceding, 
the  centres  which  preside  over  the  secretion  of  sweat  in  the  lower 
part  of  the  body  and  hinder  extremities  must,  for  many  reasons 
which  cannot  now  be  mentioned,  be  regarded  as  separate  centres. 

3.  Some  smooth  muscle  fibres  appear  to  be  influenced  by 
centres  in  the  cord.  In  the  lower  part  of  the  cervical  cord  is  a 
group  of  nerve  cells  which  keep  the  sphincter  muscle  of  the  iris 
in  check ;  narrowing  of  the  pupil  has  been  described  as  follow- 
ing injury  of  this  region. 

4.  The  gray  matter  of  the  cord  is  also  said  to  keep  the  skeletal 
muscles  in  a  state  of  slight  tonic  contraction  ;  elongation  of  the 
muscles  is  said  to  follow  section  of  the  anterior  roots.  When 
this  muscular  tone  is  absent  the  phenomenon  known  as  *  *  tendon 
reflex  *'  is  wanting,  as  the  tap  on  the  tendon  ceases  to  excite  the 
toneless  muscle. 

5.  So-called  trophic  centres  are  also  said  to  exist  in  the  spinal 
cord.  The  best  evidence  in  this  matter  is  derived  from  the 
skeletal  muscles.     If  the  motor  nerves  or  roots  be  cut,  or  the 
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anterior  gray  motor  columns  injured,  the  paralyzed  muscles  soon 
undergo  fatty  degeneration,  which  does  not  depend  on  mere  inac- 
tivity, for  it  does  not  follow  cerebral  paralysis,  in  which  the 
integrity  of  the  muscle  can  be  preserved  by  suitable  electric 
stimulation.  Similar  trophic  agencies  probably  influence  the 
other  tissues.  Thus,  many  affections  of  the  skin,  herpes,  etc., 
are  attributed  to  nervous  lesions. 

On  account  of  the  elaborate  and  purposeful  reflex  movements 
performed  by  decapitated  frogs  or  eels,  it  has  been  suggested  that 
in  the  lower  vertebrates  the  spinal  cord  is  capable  of  sensation 
and  volition — mental  activity — but  to  follow  this  assumption  we 
should  have  to  modify  our  ideas  of  volition  and  sensation,  for 
which  consciousness  is  commonly  taken  to  be  a*  necessary  factor. 
It  is,  however,  important  to  note  that  the  lower  we  go  in  the 
scale  of  vertebrate  animals  the  less  powerful  are  the  mental 
faculties,  and  the  more  important  are  the  functions  presided  over 
by  the  spinal  marrow. 
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CHAPTER  XXXV. 
THE  MEDULLA  OBLONGATA. 

The  direct  continuation  of  the  spinal  cord  is  called  the  meiiul/a 
oblongata.  It  consists  of  representatives  of  the  various  parts  of 
the  cord,  with  some  additional  gray  matter.  The  relationship  of 
the  different  parts  of  the  medulla  to  those  of  the  spinal  cord 
may  be  best  understood  by  supposing  the  posterior  median  fissure 
and  underlying  nerve  substance  at  its  upi^er  limit  to  be  split 
vertically  down  to  the  central  canal,  and  the  lateral  masses  sepa- 
rated, so  that  the  gray  part  becomes  spread  out  on  the  posterior 
surface,  and  there  forms  the  floor  of  the  fourth  ventricle.  The 
gray  matter  of  the  medulla  oblongata  consists  of  two  sets  of  nuclei ; 
one  being  the  continuation  of  the  gray  columns  of  the  spinal 
marrow,  and  the  other  made  up  of  certain  additional  gray 
nodules  embedded  here  and  there  among  the  white  strands. 

The  anterior  motor  gray  columns,  which  are  cut  off  from  the 
central  gray  substance  by  the  passage  of  the  pyramidal  tract  to  the 
opposite  side,  are  continued  along  the  floor  of  the  fourth  ventricle 
near  the  median  line.  The  posterior  gray  columns  are  continued 
upward  to  form  the  nucleus  of  Rolando,  and  are  spread  out  on  the 
lateral  part  of  the  floor  of  the  ventricle.  Important  nuclei  of 
gray  matter  lie  in  the  olivary  bodies,  and  numerous  collections 
of  cells  forming  the  nuclei  from  which  arise  the  chief  cranial 
nerves.  For  an  adequate  description  of  these  groups  of  nerve 
cells  and  their  connections,  works  on  anatomy  must  be  consulted. 

The  various  white  columns  oi  the  spinal  cord  are  so  distributed 
in  the  medulla  that  their  course  gives  some  indication  of  the 
channels  by  which  impulses  are  carried  through  it. 

In  ascending  to  the  medulla  tYi^  posterior  white  columns  become 
differentiated  into  three,  (i)  GolFs  column  is  more  distinctively 
marked  off,  and  enlarges  to  form  iht  funiculus  gracilis ,  containing 
the  clavate  nucleus ;  the  funiculus  gracillis  tapers  away  to  nothing 
above.     (2)  Burdach's  column  widens  in  a  wedge-like  fashion, 
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arid  is  caWnA /unuu/us  cuneatui,  which  contains  the  cuueate  nii- 
cteiis.   tc  passes  on  to  help 
^""'^''  to  form  the  inferior  pe- 

duncle of  the  cerebellum, 
(3)  By  the  projection  of 
the  enlarged  '  posterior 
gray  column.  Tubercle  of 
Rolando,  a  prominence  is 
produced  called  xtv^  funic- 
ulus of  Rolando.  This  also 
helps  to  form  the  inferior 
peduncle  of  the  cerebel- 

The  greater  part  of  the 
lateral  while  columns  o  f  the 
spinal  cord  pass,  at  the  de- 
cussation of  the  pyramids, 
to  the  opposi  te  si  de  to  form 
the  pyramidal  prominence 
on  the  front  of  the  medul- 
la, and  are  thence  con- 
tinued upward  directly  to 
the  motor  areas  of  the  cor- 
tex.    The  direct  cerebellar 

DinEnmorBnunandMedulbOblongiu.  fatlaiJ.)  .        .        ,  ■   .        c  ,1. 

-,S^n.l™r,i:*,*,C«l«UuindlvM^,L.bov;/^''^'     w'"ch      foOTlS      the 

i^.SdHgttSrA^.'SplShSV.'^^S;!  superficial     part    of    the 

rblm^i/i^t^Ti  tSSl;  fiiSiifm^/'porn"''  '^'^"1  column  joins   the 
/,/,Ule™l^Mlricl«^i,Third^enlricle;'^,F^^>lK  cuneate     and    Rolando's 

vemiick  ;  5,  Finn  venLncLCp  bounded  on  tach  tide 

by  wpium  bKUum.  bands  to  form  the  inferior 

cerebellar  peduncle. 
The  majority  of  the  fibres  of  the  anterior  gray  columns  pass  into 
the  medulla  beneath  the  pyramids  by  which  they  are  quite  con- 
cealed. Ihey  can  be  traced  some  distance  through  the  pons 
Varolii.  The  fibres  of  the  direct  pyramidal  tracts  join  the  pyra- 
mid of  their  own  side. 

It  must   be  remembered  that  the  medulla  is  the  only  route 
between  the  spinal  cord  and  the  upjwr  nerve  centres. 
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Through  it  all  the  afferent  and  eflerent  channels  must  pass,  as 
they  do  through  the  spinal  curd.  From  it,  and  the  prolongation 
of  its  gray  nuclei  in  the  pons  Varolii,  several  cranial  nerves  take 
origin.  Thus,  the  medulla  is  to  the  cranial  nerves  (fronn  the  fifth 
to  the  ninth)  as  the  spinal  cord  is  to  the  spinal  nerves,  but  their 
mode  of  distribution  is  different. 

THE  MEDULLA  OBLONGATA  AS  A  CENTRAL  ORGAN. 

A  number  of  grou])s  of  ganglion  cells  with  special  duties  are 

located  in  the  medulla.     Those  acts  which  are  most  important 
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for  the  execution  of  the  vegetative  functions,  are  arranged  and 
governed  by  the  nerve  cells  of  the  medulla.  Some  of  these 
centres  are  called  automatic,  though  they  are  variously  affected 
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by  many  impulses  arriving  from  distant  points,  while  others  are 

purely  reflex  in  their  action. 

The  former  are  the  more  essential,  and  will  therefore  be  first 

considered. 

RESPIRATORY  CENTRE. 

The  centre  which  regulates  the  respiratory  movements  is  situ- 
ated in  the  floor  of  the  fourth  ventricle,  at  the  upper  and  back 
part  of  the  medulla.  Flourens  long  since  showed  that  injury  of 
this  spot — the  vital  point — was  followed  by  almost  instant  cessa- 
tion of  respiration. 

This  is  a  good  example  of  a  so-called  automatic  centre ;  that 
is  to  say,  the  blood  flowing  through  the  medulla  and  nourishing 
the  cells  suffices  to  supply  them  with  the  energy  necessary  for 
their  activity.  Even  slight  variations  in  the  quality  or  tempera- 
ture of  the  blood  reaching  this  part  modifies  the  activity  of  the 
cells.  The  less  oxygen  and  waste  products  contained  in  the 
bloodj  the  more  powerfully  does  it  act  as  a  stimulant  on  the 
centre. 

Although  we  take  the  respiratory  centre  as  an  example  of  an 
automatic  centre,  its  working  is  arranged  by  afferent  impulses, 
so  that  the  normal  rhythm  of  breathing  is  regulated  by  reflex 
action.  The  mechanical  state  of  the  lungs — whether  distended 
as  in  inspiration  or  contracted  as  in  expiration — ^seems  to  excite 
the  terminals  of  certain  fibres  of  the  vagus,  which  carry  impulses 
to  the  centre,  and  thus  excite  or  restrain  movements. 

This  automatic  centre  can  also  be  influenced  by  the  higher 
centres  of  the  brain,  for  by  our  will  we  can  regulate  our  breath- 
ing movements  or  stop  breathing  altogether  for  a  time.  Inde- 
pendent of  volition  the  higher  centres  control  the  respiratory 
rhythm,  as  seen  in  sleep,  when  their  action  is  partially  in  abey- 
ance while  the  vagi  are  active,  and  respiration  }>ecomes  periodic, 
or  when  the  brain  functions  are  impaired  and  respiration  becomes 
intermittent  (Cheyne-Stokes  respiration).  Further,  the  action  of 
the  respiratory  centre  can  be  altered  by  impulses  arriving  from 
the  surface,  as  may  be  seen  by  the  gasping  inspirations  which 
involuntarily  follow  the  sudden  application  of  cold. 

Again,  the  activity  of  the  centre  may  be  altered  by  stimula- 
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tions  of  certain  parts  of  the  air  passages ;  so  much  so,  that  con- 
vulsive actions  of  the  respiratory  muscles  are  brought  about, 
which  induced  some  to  speak  of  a  sneezing  centre  and  a  coughing 
centre  in  the  medulla.  But  sneezing  and  coughing  may  be 
equally  well  explained  as  a  peculiar  form  of  activity  of  the 
respiratory  centre,  or  a  reflex  alteration  in  the  respiratory  rhythm, 
caused  by  irritation  of  the  nasal  or  laryngeal  mucous  membranes. 

Though  the  action  of  the  respiratory  centre  can  be  modified 
by  (i)  the  will  and  (2)  various  peripheral  stimulations,  and  is 
habitually  regulated  from  the  periphery  through  (3)  the  vagi  by 
the  state  of  the  lungs,  the  condition  of  the  ^A?^// supplied  to  the 
centre  may  be  such  that  these  remoter  influences  are  quite  power- 
less. This  uncontrollable  condition  of  the  centre  is  established 
when  the  blood  flowing  through  it  is  abnormally  venous  and  the 
cells  become  over-stimulated.  We  know  how  short  a  time  we 
can  hold  our  breath  by  voluntary  checking  of  the  centre,  and 
most  people  have  had  occasion  to  observe  the  inordinate  and 
painful  efforts  of  a  person  whose  respiration  is  interfered  with  by 
disease.  When  the  dyspnoea  becomes  intense,  nearly  all  the 
muscles  in  the  body  are  called  into*  action.  Thus,  in  quiet 
breathing  comparatively  few  nerve  cells  in  the  medulla  carry  on 
the  work  of  respiration,  but  under  certain  emergencies  they  can 
call  to  their  aid  the  entire  motor  areas  of  the  gray  substance  of 
the  spinal  cord,  and  thus  give  rise  to  a  general  effort.  Hence, 
we  often  hear  of  a  convulsive  centre  in  the  medulla  being  placed 
in  close  relation  to  the  respiratory  centre.  In  some  cases,  irrita- 
tion of  the  air  passages  or  imperfect  oxidation  of  the  blood,  the 
convulsive  centre  comes  under  the  command  of  the  cells  of  the 
respiratory  centre,  which  can  then  excite  coughing,  sneezing  or 
convulsive  inspiratory  effort. 

As  already  mentioned,   the  convulsions  of  asphyxia  may  be 

explained  by  the  impure  blood  acting  as  a  stimulus  on  the  cells 

of  the  cord  itself. 

THE  VASOMOTOR  CENTRE. 

It  has  already  been  stated  that  groups  of  cells  exist  in  the 
gray  part  of  the  spinal  cord,  which,  according  to  the  class  of 
animal,  have  more  or  less  direct  influence  upon  the  muscles  in 
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the  coats  of  the  vessels.  Thus,  in  a  frog  whose  brain  and 
medulla  have  been  destroyed,  in  some  hours  the  vessels  of  the 
web  regain  a  considerable  degree  of  constriction,  which  is  again 
lost  if  the  cord  be  destroyed.  In  the  dog  the  vessels  of  the 
hinder  limb  recover  their  tone  more  or  less  perfectly  in  a  few 
days  after  the  spinal  cord  has  been  cut  in  the  dorsal  region, 
although  just  after  the  section  they  are  widely  dilated  from  the 
paralysis  of  their  muscular  coats.  In  a  few  days  the  cells  of  the 
cord  can  learn  to  accomplish,  of  their  own  accord,  work  which 
they  have  been  in  the  habit  of  doing,  only  under  the  direction  of 
the  higher  centre.  From  this  we  conclude  that  though  the  cord 
contains  local  vasomotor  centres  distributed  throughout  its  gray 
matter,  these  are  normally  under  the  control  of  the  vasomotor 
centre  in  the  medulla,  and  this  centre  is  really  the  chief  station 
from  which  impulses  destined  to  affect  all  the  blood  vessels  must 
emanate. 

This  arrangement  is  quite  comparable  with  that  by  which  the 
ordinary  muscles  are  made  to  contract.  When  the  will  causes  a 
muscular  contraction,  the  impulse  starting  from  the  cerebral  cor- 
tex does  not  travel  directly  to  the  muscle,  but  it  passes  from  the 
brain  to  certain  cells  in  the  cord  and  thence  to  the  muscles.  In 
fact,  to  these  spinal  agents  the  ultimate  arrangement  and  coor- 
dination of  the  act  is  confided.  So,  also,  the  chief  vasomotor 
centre  in  the  medulla  executes  its  function  through  the  medium 
of  numerous  under  centres  placed  at  various  .stations  along  the 
cord. 

The  vasomotor  centres — like  nearly  all  other  controlling 
groups  of  ganglion  cells — may  be  considered  as  composed  of  two 
parts  antagonistic  one  to  the  other,  viz.,  a  constricting  ^nd  diiat- 
ing  centre,  the  impulses  from  which  travel  by  separate  nerve 
channels.  The  constricting  impulses  are  mainly  distributed  by 
the  sympathetic  nerve,  while  the  dilating  impulses  accompany 
those  which  are  employed  in  calling  forth  the  ordinary  function 
of  the  part  in  (jiiestion. 

From  what  has  been  .said  as  to  the  wide  distribution  of  centres 
influencing  the  blood  vessels,  an  attempt  to  localize  exactly  the 
position  of  the  medullary  vasomotor  cells  is  not  satisfactory.    In 
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lower  animals — frogs — the  cells  are  evenly  diffused  throughout 
the  medulla  and  cord.  In  man  the  localization  is  difficult  to 
demonstrate,  though  we  have  reasons  for  thinking  it  much  more 
definitely  circumscribed.  In  the  rabbit  it  has  been  localized  to 
the  floor  of  the  fourth  ventricle  in  the  immediate  neighborhood 
of  the  respiratory  and  cardiac  centres.  From  this  the  nerves 
pass  by  the  cord  to  the  spinal  roots,  by  which  they  reach  the 
sympathetic. 

The  vasomotor  centre  exerts  a  tonic  or  continuing  action  on 
the  vessels,  holding  them  in  a  state  of  partial  constriction  or  tone. 
In  this  it  may  be  said  to  have  an  automatic  action.  Although 
this  tonic  state  of  activity  of  the  centre  may  be  called  automatic, 
it  is  really  und^r  the  control  of  many  reflex  influences,  which 
constantly  vary  the  general  tone,  or  effect  local  changes  in  the 
degree  of  constriction  of  this  or  that  vascular  area.  Among  the 
most  striking  afferent  regulating  impulses  are  those  arriving  from 
the  heart,  the  digestive  organs  and  the  skin.  In  some  animals, 
a  special  nerve — the  depressor — has  been  discovered,  which, 
passing  from  the  heart  to  the  medulla,  keeps  the  vasomotor 
centre  informed  as  to  the  degree  of  tension,  etc.,  of  the  heart 
cavities.  .  When  the  heart  becomes  over-full,  impulses  pass  from 
it,  and  check  the  tonic  power  of  the  centre,  so  as  to  reduce  the 
arterial  pressure  against  which  the  ventricle  has  to  act.  Electric 
stimulation  of  this  nerve  causes  a  remarkable  fall  in  the  general 
blood  pressure.  The  vasomotor  centres  regulate  the  distribution 
of  blood  to  the  viscera  and  skin,  according  to  the  condition  of 
activity  of  these  parts  as  described  in  another  chapter  (xxxi). 

THE  CARDIAC  CENTRE. 

Although  the  heart  beats  periodically  when  cut  off"  from  the 
nervous  centres,  its  normal  rhythm  is  under  the  control  of  a 
group  of  nerve  cells  in  the  medulla,  from  which  some  fibres  of 
the  vagus  carry  special  regulating  impulses  to  the  heart.  The 
action  of  this  centre  is  habitually  that  of  a  restraining  agent 
lessening  the  rate  of  the  heart's  contractions,  and  is,  hence, 
called  a  tonic  inhibitory  centre.  The  activity  of  the  centre  is 
influenced  by  the  condition  of  many  distant  parts,  such  as  the 
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cortex  of  the  brain,  the  abdominal  viscera,  etc.,  which  exert  a 
kind  of  reflex  action  on  the  heart  through  the  centre.  The 
degree  of  inhibitory  power,  as  well  as  the  share  taken  in  the 
action  of  the  centre  by  automatism  and  reflexion,  differs  in  dif- 
ferent animals.  A  centre  {accelerator)  antagonistic  to  the  latter 
also  exists  in  the  medulla.  It  is  weaker  in  action  than  the 
inhibitory  centre,  and  is  not  tonic. 

In  the  medulla  there  also  exist  many  other  centres  connected 
with  the  organic  functions.  Among  these,  the  centres  for  swal- 
lowing and  vomiting  may  be  mentioned.  For  further  details  on 
this  subject,  the  reader  may  consult  the  chapter  on  Digestion. 
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CHAPTER  XXXVI. 

THE  BRAIN. 

As  we  pass  upward  in  attempting  to  trace  the  conducting 
channels  of  the  medulla,  we  come  to  the  more  elaborate  system 
of  nervous  textures  which,  together,  are  called  the  brain.  TJiis 
is  anatomically  the  most  highly  developed,  and  physiologically 
the  most  intricate,  part  of  the  central  nervous  organs.  Besides 
the  nerve  cells  and  various  kinds  of  conducting  channels  with 
which  we  have  already  become  familiar  in  the  cord,  etc.,  there 
are  in  the  brain  a  vast  number  of  smaller  elements  which  do  not 
possess  the  distinctive  characteristics  of  nerve  cells.  These 
granular  bodies  are  tightly  packed  together  in  many  parts  of  the 
centres,  and  must  have  some  important  function. 

To  form  a  general  idea  of  the  plan  of  construction  of  the 
brain,  it  is  well  to  follow  its  development  in  the  earlier  stages  of  the 
embryo,  from  the  time  when  it  forms  an  irregular  and  thickened 
part  of  the  tube  of  tissue,  from  which  is  developed  the  cerebro- 
spinal axis.  From  this  it  will  be  seen  that  the  brain  is  but  a 
modified  part  of  the  primitive  nervous  tube,  in  which  swellings 
may  be  observed  at  an  early  period  of  embryonic  life.  These 
swellings  are  called  the  fore-brain,  mid-brain  and  hind-brain, 
and  in  the  future  development  of  the  parts  give  rise  to  (i)  the 
hemispheres  and  basal  ganglia;  (2)  the  corpora  quad rigeraina, 
pons  and  cerebellum ;  and  (3)  the  medulla  oblongata.  The  great 
mass  of  the  brain — the  hemispheres — is  formed  by  an  excessive 
development  of  bud-like  processes  which  grow  out  from  the  sides 
of  the  fore-brain  at  an  early  period,  and  become  elaborately 
folded,  so  that  in  the  adult  it  is  difficult  to  trace  the  relationship 
to  the  original  form.  For  further  details  of  the  development  of 
the  brain,  vide  chapter  on  that  subject. 

The  cells  of  the  brain  are,  like  those  of  the  cord,  grouped 
together  in  the  complex  gray  substance,  while  the  white  part  is 
made  up  of  conducting  fibres.    The  gray  substance  is  distributed 
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Diagram  ilUistniting  the  progres<iive  changes  in  the  development  of  the  brain. 

1.  Shows  the  first  step  ;  the  formation  of  three  vesicles. 

2.  ShowK  the  budding  forward  of  the  hemispheres  (rr),  upward  of  the  pineal  gland  (//),and 
downward  of  the  pituitary  body  (//)  from  the  fore-brain  (a),  and  the  thickening  of  the  niid- 
(b)  and  hind-brain  (c). 

3.  Shows  the  backward  turn  of  the  hemispheres  and  their  cavity  (lateral  ventricle)  (/).  The 
development  of  the  corpora  quadri(?emina  {q)  and  cntra  (r)  from  the  mid-brain  {6)  and  the 
cerebellum  {cd)  and  pons  (/)  from  the  hind-brain ;  their  cavities  being  narrowed  into  the 
iUr  a  tertio  ad  quartunt  ventricutuni. 

4.  The  hemispheres  now  extend  backward  and  form  the  temporal  lobe  (//),  which  afterward 
f;rows  downward  and  forward.  The  fornix  (/*)  approaches  its  final  position.  The  space 
(.r)  between  the  fornix  and  velum  is  closing,  so  that  the  outside  of  the  brain  (morphologi- 
cally) becomes  practically  its  very  centre. 

Explanation  0/ Lfiters.—a^  Fore-brain;  6,  Mid-brain;  c.  Hind-brain;  c^.  Cerebellum  ;  cr^ 
Cercbnim ;  /?,  Cavity  of  medulla ;  y,  Fornix  ;  /,  Lateral  ventricle  ;  tn.  Medulla  oblongata: 
ma,  Corpora  mammillaria ;  «,  Olfactory  lobe  ;  /,  Pons  Varolii;  //,  Pineal ^land ;  //,  Pitui- 
tary body  ;  y,  Corpora  quadrigemina  ;  r,  Crura  cerebri ;  /,  Lamina  termnialis ;  t/,  Tem< 
poral  lobe  ol  cerebrum  ;  jr,  Space  enclosed  by  the  extension  backward  of  the  Mrebrum, 


in  four  distinct  regions,     (i)  Of  these  one  can  be  traced  along 
the  floor  of  the  fourth  ventricle,  from  the  gray  matter  of  the 


cord  to  the  base  of  the  brain,  as  far  forward  as  the  tiil>er  cine- 
reum,  so  that  it  may  be  considered  representative  of  the  gray 
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matter  forming  the  inner  lining  of  the  primitive  nervous  tube. 
(2)  The  ganglia  of  the  brain  are  isolated  masses  of  gray  sub- 
stance within  the  brain,  known  as  the  corpora  quadrigemina,  optic 
thalami,  corpora  striata,  etc.  (3)  The  gray  substance  of  the 
cerebellum  and  of  the  corpora  quadrigemina  is  derived  from  the 
upper  part  of  the  mid-brain.  (4)  The  cortex  of  the  hemi- 
spheres of  the  brain  is  the  most  extensive  gray  district,  and  must 
be  regarded  as  distinct  from  the  preceding. 

Connecting  the  various  parts  of  these  gray  regions  are  sets  of 
fibres,  which  may  be  classified  as  follows : — 

1.  Those  which  act  as  channels  of  intercommunication  for  the 
different  parts  of  the  same  region.  These  may  be  divided  into 
unilateral^  which  connect  together  the  cells  of  a  single  hemi- 
sphere, and  bilateral^  or  commissural  fibres,  which  unite  the 
corresponding  masses  of  gray  matter  on  both  sides  of  the  brain. 

2.  Those  which  connect  the  different  regions  one  with  an- 
other. Under  this  head  fall  (i)  those  fibres  which  pass  between 
the  cortex  and  the  basal  ganglia,  or  anterior  gray  column  of  the 
spinal  cord ;  (2)  those  running  from  the  cortex  or  the  spinal 
cord  to  the  cerebellum ;  and  (3)  those  connecting  the  above 
with  the  spinal  gray  matter. 

THE  MESENCEPHALON  AND  CEREBELLUM. 

In  examining  the  functions  of  the  brain,  we  may  consider  the 
various  parts  in  the  order  they  are  found  in  proceeding  from 
the  medulla  toward  the  cerebral  hemispheres.  Between  the 
medulla  oblongata  and  the  hemispheres,  we  come  to  the  pons 
Varolii  and  cerebellum,  the  crura  cerebri,  and  corpora  quad- 
rigemina, which,  being  developed  from  the  mid-brain,  may  be 
called  the  mesencephalon.  The  duties  of  these  parts  of  these 
nervous  centres  can  be  investigated  by  observing  the  actions  of 
lower  animals  in  which  the  hemispheres  have  been  removed  or 
the  parts  directly  stimulated,  and  by  noting  the  symptoms  pro- 
duced in  man  by  lesions  of  this  part  of  the  brain.  The  former 
method  gives  the  most  definite  results,  and  therefore  deserves 
most  attention. 

In  all  these  parts  there  are  innumerable  fibres  ca])able  of  con- 
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ducting  impulses  in  many  directions,  and  numerous  masses  of 
ganglionic  cell»  distributed  throughout  the  while  substance.  In 
the  cerebellum  a  remarkable  layer  of  large  branching  cells  divides 
the  central  from  the  cortical  tissue. 


When  the  cerebral  hemispheres  have  been  removed  from  a 
frog,  the  animal  retains  the  power  of  carrying  out  coordinated 
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motions  of  much  greater  complexity  than  those  performed  by 
the  spinal  cord  alone.  But  this  power  is  not  exercised  spon- 
taneously. That  is  to  say,  the  animal  can  balance  itself  accu- 
rately, jump,  swim,  swallow,  etc.,  but  it  only  attempts  these  acts 
when  excited  to  do  so  by  stimulations  from  its  outer  surround- 
ings. Thus,  on  a  flat  surface  it  sits  upright,  but  does  not  stir 
from  the  spot  where  it  has  been  placed;  if  the  surface  upon 
which  it  sits  be  inclined,  so  that  its  head  is  too  low,  it  turns 
round  to  regain  its  ordinary  position.  If  the  surface  be  further 
inclined,  it  at  first  crouches  so  as  not  to  slip  off,  and  then  crawls 
upward  to  find  an  even  resting  place.  Plunged  into  water,  it 
swims  perfectly,  but  on  arriving  in  a  shallow  part  it  either  rests 
quietly  with  its  nose  out  of  the  water,  and  its  toes  touching  the 
ground,  or  crawls  out  to  sit  on  the  water's  edge,  where  it  can  find 
its  balance.  When  touched  on  the  leg,  it  jumps  away  from  the 
stimulus,  and  in  so  doing  avoids  any  obvious  dark  obstacle.  It 
swallows  if  a  substance  be  put  in  its  mouth,  but  does  not  attempt 
to  eat  even  if  surrounded  with  food.  In  short,  all  movements, 
even  the  most  complex,  may  be  brought  about  by  adequate 
stimulation — spontaneity  only  is  wanting.  The  pupil  responds  by 
reflex  contraction,  when  the  retina  is  exposed  to  light ;  the  eyes 
are  closed  if  the  light  be  intense  ;  and  the  head  may  follow  the 
motions  of  a  flame  moved  from  side  to  side.  A  sudden  or  loud 
noise  causes  it  to  move.  From  the  foregoing  facts,  and  the 
power  such  a  frog  has  of  avoiding  a  dark  object,  we  may  conclude 
that  the  impulses  arriving  from  the  special  sense  organs  are  all 
duly  received,  and  excite  more  or  less  elaborate  response,  but 
that  the  consciousness  of  the  arrival  of  these  impulses  no  longer 
exists. 

The  removal  of  the  hemispheres  of  birds  and  rabbits  leaves 
the  animal  in  a  somewhat  similar  condition  ;  but  the  response 
to  the  special  sense  impulses  is  not  so  definite  or  well  marked, 
since  the  animal  flies  or  runs  against  even  the  most  obvious 
obstacles. 

We  may  conclude,  then,  that  the  medulla  controls  the  coordi- 
nated movements  absolutely  necessary  for  the  vegetative  func- 
tions, and  that  the  mid -brain  (including  the  cerebellum  of  birds 
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and  mammals)  controls  the  complex  associations  of  coordinated 
movements  necessary  for  the  perfect  j^erformance  of  such  acts  as 
standing  and  walking. 

The  enormous  number  of  muscles  simultaneously  used  in  some 
of  our  commonest  daily  actions,  concerning  which  we  have  but 
little  thought,  and  take  no  voluntary  trouble,  shows  the  great 
importance  of  this  part  of  the  brain.  If  we  take  a  simple  ex- 
ample, that  of  standing  in  the  upright  position  {equilibration) 
(see  page  481),  we  find  that  a  great  number  of  muscles  have  to 
act  together  with  the  most  exact  nicety  to  accomplish  what,  even 
in  man,  is  an  unconscious,  if  not  quite  involuntary,  action.  In 
the  frog,  as  has  been  seen,  equilibration  is  performed  by  reflex 
action  alone.  In  man  the  nervous  mechanisms  are  probably 
more  complicated  by  his  erect  attitude  and  the  addition  of  the 
cerebellum,  etc. ,  but  they  are  nevertheless  comparable  with  those 
of  the  frog.  It  may,  therefore,  be  instructive  to  examine  the 
details  of  the  mechanisms  in  a  frog  deprived  of  its  cerebral 
hemispheres. 

The  opti€  lobes  of  the  frog's  brain  (which  correspond  to  the 
corpora  quadrigemina,  and  also  take  the  place  of  the  cerebellum 
of  the  higher  animals)  form  the  great  centres  of  equilibration, 
locomotion,  etc.  If  these  lobes  be  destroyed,  the  animal  can  no 
longer  sit  upright,  jump  or  swim.  The  first  point  to  determine 
is,  whence  do  the  impulses  arrive  which  bring  about  these  com- 
plex coordinations.  The  first  set  is  that  coming  from  the  tactile 
sense  of  the  skin  of  those  parts  touching  the  ground.  A  second 
set  arrives  from  the  acting  muscles  indicating  to  the  centres  the 
amount  of  work  done  {muscular  sense).  A  third  set  comes  from 
the  eyes,  by  which  the  position  of  the  surrounding  objects  is 
gauged.  Finally  comes  the  fourth  set  from  the  semicircular  canals 
of  the  internal  ear,  which  communicate  to  the  equilibrating 
centres  the  position  of  the  head. 

By  depriving  a  frog  of  these  several  portals  by  which  incom- 
ing stimuli  direct  the  balancing  centres,  it  can  be  rendered  inca- 
pable of  any  of  the  acts  requiring  equilibration,  even  when  the 
regulating  centres  are  intact.  In  our  own  bodies  we  can  con- 
vince ourselves  of  the  importance  of  these  afferent  regulating 
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impulses  arriving  from  the  eye,  ear,  skin  and  muscles.  When 
the  eyes  are  shut  and  heels  together  we  cannot  stand  as  steadily 
as  when  we  keep  our  eyes  fixed  on  something ;  even  with  care 
not  to  move,  we  sway  slowly  to  and  fro.  If,  having  bent  our 
head  to  the  handle  of  a  walking  stick,  the  end  of  which  is  fixed 
on  the  ground,  we  run  three  or  four  times  around  this  axis  so  as 
to  disturb  the  fluid  in  the  semicircular  canals,  and  then  attempt 
to  walk  straight,  we  find  how  helpless  our  volition  becomes  when 
deprived  of  the  aid  naturally  coming  from  special  mechanisms  in 
the  internal  ear. 

When  the  feet  are  "  asleep'*  or  benumbed,  standing  or  walking 
can  only  be  performed  in  a  most  awkward  manner,  showing  the 
necessity  of  tactile  sensation  for  perfect  equilibration.  In  a 
disease  known  as  locomotor  ataxy  the  muscular  sense  is  lost,  and 
the  power  of  standing  or  walking  correspondingly  impaired. 

CRURA  CEREBRI. 

Passing  above  the  Pons  Varolii^  we  come  to  an  isthmus,  com- 
posed of  two  thick  strands  of  nerve  substance  connecting  the  pons 
Varolii  with  the  cerebral  hemispheres.  These  are  called  the 
crura  cerebri.  They  diverge  slightly  in  their  upward  course 
toward  the  hemispheres,  and  lie  just  below  the  corpora  quadri- 
gemina,  already  referred  to.  Minute  examination  of  these  crura 
brings  to  light  an  anatomical  difference  which  corresponds  with 
a  physiological  separation  between  the  paths  taken  by  the  sen- 
sory and  motor  impulses  in  each  cms.  The  lower  and  more 
anterior  part,  which  can  be  seen  on  the  base  of  the  brain,  is 
called  the  base  or  crusta.  This  is  made  up  of  efferent  nerve 
channels  only.  The  posterior  or  upper  part,  which  lies  next  to 
and  is  connected  with  the  corpora  quadrigemina,  is  called  the 
tepnentum,  and  is  composed  of  afferent  fibres.  Anatomically, 
the  separation  between  the  two  is  indicated  by  some  scattered 
nerve  cells  (^locus  niger).  The  base,  or  crusta,  which  is  the  great 
bond  of  union  between  the  spinal  cord  and  the  cerebral  motor 
centres,  passes  into  the  corpus  striatum ;  and  the  tegmentum,  or 
great  sensory  tract,  is  directly  connected  with  the  optic  thalamus. 
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BASAL  GANGLIA. 

On  the  floor  of  the  lateral  ventricles  are  the  corpora  striata 
and  optic  tftalami,  which  together  are  spoken  of  as  the  basal 
ganglia.  'I"he  exact  rela- 
tionship borne  by  their  p^^ 
functions  to  those  of  the 
mesencephalon  and  cere- 
brabcortex  is  not  perfectly 
understood.  The  follow- 
ing are  some  of  the  more 
important  points  in  the 
evidenceon  thesubject: — 
Corpora  Striata. — 
The  motor  tracts,  coming 
from  below,  lie  in  thelower 
part  of  the  cms  cerebri, 
and  thence  one  on  each 
side  passes  into  the  corres- 
ponding corpus  striatum. 
Anatomically,  this  part 
may  be  regarded  as  the 
ganglion  of  the  motor 
tract. 

Destructive  lesion  of 
one  corpus  striatum  is 
followed  by  loss  of  motion 
of  the  other  side.     This 

„      .  r  I     '  Dkium  of  Bnln  and  Medulla  Obloiwala.  {Cltla~d) 

IS  equally  true  of  lesions   ._spi«i».d;  *.*.c.rtwiun,  dMdcd.a^d  above 
artificially    produced    in     ji -he  v.ive  </ vfeu*«n.patii.iiy  divided:  c, 

^      ■  Corpora  auadnHmina;   tl,d,  Uptic  ibaiami-    t 

animals,  and  those  result-      E|,"f,'[^eVin      ^^1 '(:«"'« ^/fo^'w' 

ing   from  disease  in  man.        Fomii!:  /,/,LMer»lKnlricki:  3,Third«ntrU:fc: 

"  4.  Founh  vEntrkIc ;  5.  Flfih  ventricle,  bounded  on 

When   the  crura  on   both        eacb  side  by  lepuim  hmduiB. 

sides   are  destroyed,    the 

animal  remains  motionless  and  prostrate. 

Electrical  stimulation  of  one  corpus  striatum  causes  movement 
of  the  other  side.  This  fact,  however,  does  not  leach  us  much 
concerning    the    functions  of  the   particular   cells   of  its  gray 
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matter,  since  the  stimulus  cannot  be  kept  from  affecting  the 
fibres  passing  through  the  corpus  striatum  and  forming  the  direct 
motor  tract. 

In  dogs,  and  still  more  in  rabbits,  the  corpora  striata  seem  to 
be  able  to  carry  out  some  complex  motions  which  in  man  are 
believed  to  require  the  cooperation  of  the  higher  cerebral 
centres.  It  has  been  stated  that  a  dog  whose  cerebral  cortex  is 
completely  destroyed  can  perform  movements  that  in  manpcan 
only  be  evoked  by  the  cortex  of  the  hemispheres. 

It  would  appear  that  the  gray  matter  of  the  corpus  striatum 
is  motor,  being  nearly  related* in  function  to  the  cerebral  cortex. 
The  cells  of  this  ganglion  are  probably  agents  working  under 
the  direction  of  the  cortical  centres,  organizing  and  distributing 
certain  motor  impulses.  In  animals  whose  hemispheres  are  less 
complexly  developed,  such  as  the  dog  or  rabbit,  the  "basal 
agent  *'  seems  capable  of  carrying  on  more  elaborate  work,  inde- 
pendent of  the  guidance  of  the  higher  motor  centres  in  the  gray 
matter  of  the  brain. 

Optic  Thalami. — The  evidence  concerning  the  function  of 
these  ganglionic  masses  is  far  from  being  even  as  satisfactory  or 
conclusive  as  that  relating  to  the  corpora  striata. 

Anatomically,  their  relationship  is  equally  clear ;  they  are  the 
ganglia  of  the  sensory  tracts,  since  the  tegmentum  or  sensory 
parts  of  the  crura  pass  directly  into  them.  They  form  the  chief 
routes  by  which  impulses,  giving  rise  to  different  sensory  impres- 
sions, arrive  at  the  cerebral  cortex.  But  the  evidence  we  obtain 
by  the  physiological  examination  of  sensory  impressions  is  indis- 
tinct compared  with  the  results  when  motor  tracts  are  excited. 
In  the  complete  absence  of  all  motion,  it  is  impossible  to  know 
whether  an  animal  feels  or  not,  as  we  have  no  other  signs  of  the 
stimulus  taking  effect.  It  is  difficult,  as  has  been  already  seen, 
to  stimulate  any  sensory  tract  without  the  impulse  being  reflected 
to  its  motor  neighbors,  so  a  muscular  movement  often  results 
from  stimulation  of  a  group  of  cells  purely  sensory  in  function, 
and  yet  is  not  decisive  evidence  of  conscious  sensation. 

When  we  take  into  consideration  the  foregoing  points,  and  the 
fact  that  it  is  difficult,  if  not  impossible,  to  destroy  a  portion  of 
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brain  substance  with- 
out irritating  it  and 
the  neighboring 
structures,  we  can- 
not be  surprised  that 
experimenters  have 
arrived  at  very  con- 
tradictory results, 
both  by  stimulating 
and  destroying  the 
optic  thalami.  Some 
find  that  electric 
stimulation  causes 
muscular  move- 
ments; others  find 
that  it  does  not. 

Some  authorities 
state  that  destruction 
of  the  optic  thalami 
interrupts  only  the 
incomingsensoryim- 
pressions;  others  say 
it  gives  rise  to  motor 
paralysis. 

Human  pathology 
helps  us  but  little, 
for  it  is  impossible 
to  say  whether  a 
lesion  simply  abol- 
ishes the  function  or 
acts  as  an  irritant,  or 
produces  both  these 
elTects.  Local  lesions 
of  the  optic  thalami 
have  been  met  with, 
in  some  of  which 
sensory,     in    others 
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both  sensory  and   motor,  defects  have  l>een  observed  in  the 
patients. 

We  must  remember  that  the  occiirrence  of  motion  as  the 
result  of  stimulation,  or  the  absence  of  muscular  power  as  the 
result  of  destruction  of  the  optic  thalami,  must  not  be  accepted 
as  good  evidence  of  the  motor  function  of  the  nerve  cells  of  this 
part,  because  these  results  may  depend  on  the  indirect  influence 
of  the  sensory  impulses  coming  from  these  cells. 

CEREBRAL  HEMISPHERES. 

It  is  now  universally  regarded  a.s  a  recogni^ied  fact  that  the 

hemispheres  of  the  brain  are  the  .seat  of  the  mental  faculties — 


Upper  Aurfftceof  the  hemLtphfTC*  of  monkey,  Ahaurinv  deiaik  of  AMor  Hreu.     Reference! 
«  in  n«.  figure.     (rtrr.Vr.) 

perception,  memory,  thought  and  volition.  'ITie  cerebral  cortex 
is  the  part  of  the  nervous  system  in  which  the  subjective  percep- 
tion of  the  \arious  sensory  impulses  takes  place,  and  in  which 
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impulses  are  converted  into  impressions  or  mental  operations.  It 
is  in  the  cortical  nerve  cells  that  the  so-called  voluntary  impulses, 
causing  movement  of  the  skeletal  muscles,  have  their  origin.  It 
is  thus  a  sensory  and  a  motor  organ.  But  it  has  a  far  wider 
range  of  function  than  is  expressed  by  saying  it  is  both  sensory 
and  motor.    Thus  restricted,  its  function  would  be  no  higher  than 
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that  of  the  nerve  centres  in  the  spinal  cord,  etc.  The  cells  of  the 
cortex  of  the  brain  seem  to  differ  from  those  of  the  lower  nerve 
centres,  which  can  only  receive,  and  at  once  send  out  corres- 
ponding impulses,  in  this:  when  an  impulse  arrives  at  certain 
cerebral  cells,  it  there  excites  a  change,  which,  besides  producing 
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an  immediate  effect,  leaves  a  more  or  less  permanent  impression. 
The  impression  persisting,  if  the  cell  be  well  supplied  with 
chemical  energy  in  the  shape  of  nutriment,  it  may  be  reproduced 
at  a  subsequent  period.  This  revival  of  impressions,  the  effects 
of  past  stimulations,  or  "  recollection,"  is  exclusively  the  prop- 
erty of  the  cerebral  cortex,  and  to  it  the  hemispheres  owe  their 
mental  faculties.  During  our  lifetime  sensory  impulses  are  con- 
tinually streaming  into  the  cells  of  the  cortex  of  the  brain  from 
the  peripheral  sensory  organs.  Thus  innumerable  impressions 
are  stored  up  in  the  nerve  cells.     The  effect  of  the  continuing 


presence  of  these  impressions  in  the  active  cells  is  memory,  and  by 
association,  arrangement  or  analysis  of  these  persisting  impres- 
sions, the  activity  of  Che  cells  gives  rise  to  thought  or  ideation. 

In  close  relation  and  connection  with  these  cells  of  the  cortex, 
in  which  permanent  impressions  are  stored  and  ideation  is  accom- 
plished, are  those  other  grouiw  of  cells  which  have  been  men- 
tioned as  being  in  direct  commnnication  with  the  spinal  motor 
centres,  and  can  by  the  mediimi  of  the  latter  execute  voluntary 
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It  is  a  very  remarkable  fact,  that  one  side  of  the  brain  is  suf- 
ficient for  the  perfect  performance  of  the  mental  faculties. 
Memory,  consciousness  and  thought  can  all  be  operative  in  a 
perfectly  normal  way,  when  one  side  of  the  brain  is  rendered 
incapable  of  performing  its  functions  by  disease  or  injury. 

This  is  not  the  case  as  regards  sensory  impressions,  or  volun- 
tary movement,  both  of  which  are  destroyed  on  the  side  of  the 
body  opposite  to  that  of  the  injured  hemisphere.  The  difference 
between  the  mental  powers  and  mere  motor  and  sensory  functions 
of  the  brain  can  be  seen  in  those  cases  of  paralysis  known  as 

Fig.  261. 


The  dark  shading  shows  the  region  of  the  angnlar  gyrus  of  a  monkey,  injury  of  which  is 

followed  by  transient  blindness.    {Ferrier.) 


hemiplegia.  The  patient  is  frequently  fully  conscious,  and  may 
possess  unimpaired  powers  of  thought  and  memory,  yet  he  is 
unable  to  j^erceive  the  sensory  impulses  coming  from  one  side  of 
his  body,  or  to  send  voluntary  impulses  to  the  muscles  of  the 
paralyzed  side. 

The  cells  which  act  as  the  immediate  receivers  of  afferent,  and 
dispensers  of  efferent  impulses,  to  one  or  other  side  of  the  body, 
are  then  localized  to  one  hemisphere,  viz.,  that  of  the  opposite 
side,  while  mental  operations  are  diffused  over  the  cortex  of  both 
hemispheres. 
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LOCALIZATION  OF  THE  CEREBRAL  FUNCTIONS. 

Whether  the  entire  surface  of  the  hemispheres  can  be  mapped 
out  into  areas,  each  of  which  is  set  apart  for  a  definite  immutable 
function,  is  a  question  surrounded  with  difficulty,  and  which,  up 
to  the  present,  cannot  be  answered  with  certainty.  The  exj)eri- 
mental  evidence  hitherto  brought  forward  on  the  subject  seems, 
in  some  points,  to  be  contradictory,  a  fact  which  may  be  explained 
partly  by  the  difficulties  with  which  such  experiments  are  beset, 
and  partly  by  different  observers  being  anxious  to  uphold  with 
too  great  fervor  either  the  localization  or  non-localization  theory. 

The  evidence  on  this  subject  may  be  briefly  summarized  as 
follows.     In  favor  of  localization  are  the  facts  that — 

1.  Lesion  of  a  certain  part  of  the  cortex  of  the  frontal  lobe 
of  the  left  hemisphere  of  man  (posterior  part  of  the  third  frontal 
convolution)  has  been  so  frequently  followed  by  the  loss  of  mem- 
ory of  words  necessary  for  the  faculty  of  speech — aphasia — that 
pathologists  now  call  that  spot  the  speech  centre, 

2.  Destruction  of  the  cortical  surface  of  the  angular  gyri,  or 
of  the  posterior  lobes,  causes  transitory  loss  of  the  perception  of 
visual  impressions,  and  if  an  area  including  both  angular  gyri 
and  posterior  lobes  be  destroyed,  the  result  is  permanent  blind- 
ness. 

3.  Destruction  of  the  convolutions  around  and  in  the  neigh- 
borhood of  the  fissure  of  Rolando  gives  rise  to  loss  of  power  in' 
the  limbs  of  the  other  side,  voluntary  motion  being  abolished 
when  an  extensive  area  is  destroyed.  This  loss  of  power  is  more 
obvious  in  animals  with  complex  brains  (man  and  monkey)  than 
in  those  less  highly  organized  (dog,  cat,  rabbit),  which  gradually 
recover. 

4.  The  fimction  of  the  part  destroyed  may  be  lost  forever,  and 
the  nerve  channels,  which  formerly  carried  the  impulses  to  or 
from  the  injured  centre,  become  degenerated. 

5.  Stimulation  of  the  convolutions  aroimd  the  fissure  of 
Rolando  gives  rise  to  definite  coordinated  movements  of  muscles 
of  the  other  side.  Local  groups  of  muscle  respond  with  striking 
constancy  to  the  electric  stimulation  of  certain  definite  and 
limited   areas    of  the   cortex.     These    convolutions  have  been 
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mapped  out  into  motor  centres  for  hind  limb,  fore  limb,  face, 
etc.     Conifjare  Figs.  258  and  259. 

From  the  foregoing  we  may  safely  conclude  (1)  that  certain 
parts  of  the  cortex  of  the  hemispheres  are  the  agents  for  the 
reception  of  definite  sensory  impressions;  (2)  that  others  (the 
neighborhood  of  the  fissure  of  Rolando)  are  related  to  the  dis- 
charge of  voluntary  motor  impulses;  and  (3)  though  we  cannot 
say  that  the  anterior  lottes  are  immediately  subservient  to  either 


the  sensory  or  motor  functions,  a  portion  of  one  of  them  seems 
devoted  to  the  memory  of  words. 

As  objections  to  the  soundness  of  these  conclusions,  it  has  been 
urged  :— 

1.  Considerable  discordance  still  exists  in  the  results  arrived 
at  by  different  experimenters. 

2.  The  function  returns  after  the  lajtse  of  a  variable  interval, 
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jiartiailarly  in  unilateral  destniciion  of  the  cortical  centres.  In 
some  instances  the  loss  of  function  only  continues  for  a  few  hours 
after  the  operation  ;  in  others  (those  in  which  the  injury  is  exten- 
sive and  deep,  or  the  animal  belongs  to  a  class  with  high  mental 
organization)  the  recovery  is  slow  and  may  extend  over  several 
weeks  or  months. 

3.  Certain  tracts  of  the  cortex  of  the  hemispheres,  notably  the 
anterior  and  posterior  lobes,  may  be  extensively  injured,  by  acci- 


Extirpallon  of  Ihe  potLcrior  Lobes.      Lciion  fbllo«cd  by  on[y  mnticnl  d»iurbAnce  of 
vision.     In  a  few  Koun  no^defect  caiild    be  deleclcd    in  any  of  the  animal't  functioiM. 

iiat'tbow^  (Ftrriir.) 

dent  or  experiment,  without  interfering  with  the  cerebral  func- 
tions in  any  marked  or  tangible  way.  Uoth  men  and  animals 
have  lived  for  years  after  the  loss  of  a  considerable  quantity  of 
brain  substance,  without  showing  impairment  of  either  mental  or 
bodily  faculties. 

4.  Certain  areas  of  the  brain  surface  may  be  stimulated  me- 
chanically, chemically,  or  electrically,  without  the  least  response 
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being  shown  by  the  animal,  to  indicate  either  sensory  or  motor 
excitations. 

In  spite  of  this  negative  evidence  from  the  facts  just  adduced 
— viz.,  that  certain  groups  of  muscles  respond  regularly  to  the 
stimulation  of  local  areas  of  the  brain  surface,  and  that  loss  of 
function  of  some  organ  occurs  when  a  given  point  is  injured — it 
seems  definitely  fixed  that  certain  local  parts  of  the  brain  surface 
are  in  more  immediate  connection  with  definite  peripheral  organs 
than  with  others,  and  that  these  local  areas  have  been  in  the 
habit  of  receiving  or  sending  out  special  impulses. 

The  evidence  is  strongest  in  support  of  the  mo/or  areas  situated 
around  the  fissure  of  Rolando  in  the  central  region  of  the  hemi- 
spheres. Here  (i)  limited  stimulus  excites  definite  action,  (2) 
circumscribed  lesion  is  followed  by  local  paralysis,  and  (3)  after 
lesion  a  tract  of  degeneration  unites  the  cortical  and  spinal  cen- 
tres engaged  in  the  production  of  voluntary  movement. 

With  regard  to  the  sensory  centres  the  areas  are  not  so  per- 
fectly localized.  We  can  hardly  suppose  that  all  the  gray  matter 
of  the  angular  gyri  and  occipital  lobes  are  devoted  exclusively 
to  the  reception- of  visual  impressions.  Yet  it  has  been  stated  all 
this  region  must  be  destroyed  to  annihilate  the  visual  function. 

From  the  fact  that  its  stimulation  causes  movements  of  the 
pinna  and  its  destruction  is  said  to  abolish  hearing,  the  superior 
temporo- sphenoidal  convolution  has  been  allotted  the  function  of 
an  auditory  centre.  From  somewhat  similar  evidence,  and  that 
gained  from  anatomy,  the  hippocampal  lobule  is  said  to  be  the 
seat  of  smell. 

Ordinary  sensation  has  been  localized  to  the  inferior  temporo- 
sphenoidal  convolution  and  the  hippocampal  region,  owing  to  the 
anaesthesia  found  after  destruction  of  these  parts. 

From  the  other  facts  mentioned — viz.,  the  absence  of  func- 
tional disturbance  after  cortical  lesion  and  the  recovery  of 
function  after  injury,  we  must  conclude  that  there  are  extensive 
tracts  containing  cells  to  which  we  can  assign  no  localized  func- 
tion,  and  that  the  local  areas  to  which  a  function  can  be  assigned 
are  not  the  only  agents  which  can  carry  on  the  business  of 
receiving  impulses  from  the  periphery,  and  sending  voluntary 
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impulses  to  the  muscles  ;  bill  that  there  are  inany  gr<mi>s  of  nerve 
cells  which  can  take  on  the  duly  of  the  injured  cells  and  act  for 
them  in  receiving  sensory  and  discharging  motor  impiiUes. 

It  has  already  been  pointed  out  that  the  function  of  any  given 
nerve  fibre  depends  on  the  relationship  of  its  terminals.  The 
fibre  itself  is  merely  a  conducting  agent.  In  somewhat  the  same 
way  the  functions  of  any  given  nerve  cell  must  depend  on  the 


Tht  ihading  ihows  Ihe  greal  iiKnl  of  iintiix  icamycd  before  pcnnaiKnl  corlicil 
blindncK  [ollown]  by  reiinil  airophy  was  pnjducid;  (.  f,,  all  [KHKrior  lobes  and  (ngulat 
gyri. 

number  and  character  of  its  connections.  If  it  be  connected 
with  a  motorial  end  plate  in  a  muscle,  it  can  only  excite  impulses 
that  give  rise  to  motion  :  if  it  be  connected  with  a  sensory  ter- 
minal, it  can  only  be  a  receiver  of  sensory  impulses.  But,  in  the 
gray  matter  of  the  spinal  cord,  and  slill  more  so  in  that  of  the 
cerebral  cortex,  we  may  as.sume  that  alt  the  cells  are  in  more  or 
less  intimate  connection  with  innumerable  other  cells.     In  fact, 


LOCALIZATION    OF   THE   CEREBRAL   FUNCTIONS.  665 

we  must  imagine  that  the  gray  matter  of  both  cord  and  brain  is 
interwoven  into  a  complex  texture  of  fibrils  and  cells,  no  part  of 
which  is  isolated  from  the  rest,  but  all  the  elements  form  part  of 
a  continuous  system,  and  within  certain  limits  can  subsidize  each 
other's  functions. 

When  we  excise,  cauterize  or  stimulate  a  given  point  of  the 
complex  cortex,  we  do  not  know  in  what  way  we  interfere  with 
the  perfect  action  of  that  wonderful  nervous  nexus  which  controls 
the  organism,  for  we  can  only  judge  of  the  effects  we  produce  by 
results  limited  to  those  few  functions  the  activity  of  which  is 
obvious. 
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CHAPTER  XXXVII. 

REPRODUCTION. 

MALE  AND  FEMALE  GENERATIVE  ELEMENTS. 

One  of  the  chief  characteristics  of  living  beings  is  their  power 
of  reproduction ;  that  is  to  say,  organisms  can,  under  favorable 
conditions,  form  other  individuals  with  lives  and  habits  similar 
to  their  own. 

In  the  lowest  forms  of  animal  life  this  propagation  of  species 
may  take  place  by  the  division  of  a  single  cell :  thus  an  amoeba 
reproduces  by  the  cleavage  of  its  mass  of  protoplasm,  separating 
the  main  body  into  two  amccbae.  Such  a  method  of  reproduction 
is  purely  asexual^  each  individual  having  the  intrinsic  power  of 
reproduction. 

As  we  ascend  the  animal  scale,  we  find  that,  just  as  other  func- 
tions are  executed  by  certain  specially  differentiated  groups  of 
cells,  so  reproduction  is  performed  by  certain  collections  of  cells 
endowed  with  specific  powers.  Further,  we  find  that  the  produc- 
tion of  a  new  being  requires  the  cooperation  of  two  kinds  of 
generative  elements,  each  of  which  is  produced  by  a  distinct 
organ.  In  the  higher  organisms  these  reproductive  elements  are 
produced  by  different  individuals  of  the  same  species,  thereby 
dividing  them  into  two  sexes.    This  is  termed  sexual  reproduction. 

The  sexual  method  of  reproduction  is  met  with  in  all  the  moi*e 
highly  develoj^ed  forms  of  animal  and  vegetable  life.  The  male 
organ  produces  active  elements — the  sf)ermatozoa  j  the  female 
organ  produces  the  ovum,  which,  when  fertilized  by  the  sperma- 
tozoa, develops  embryo. 

In  mammalia  the  utenis  is  a  most  important  subsidiary  organ, 
as  it  becomes  modified  to  allow  of  the  development  and  growth 
of  the  embryo  ;  its  earlier  functions,  however,  can  be  performed 
by  other  organs,  as  seen  in  cases  of  extrauterine  fcEtation,  when 
the  ovum  develops  in  some  unusual  situation,  such  as  the  Fallo- 
pian tube  or  the  abdominal  cavity. 
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The  spermatozoa  a.TK  (oTmed,  indirectly  from  the  cells  lining  the 
tubuli  seminiferi  of  the  testicle.  These  cells,  cubical  ma.sses  of 
protoplasm,  give  rise  to  others  {spermatodlasts),  which  form 
another  layer  and  undergo  rapid  proliferation.  The  nuclei 
divide,  and -from  each  pari  arises  the  head  of  a  spermatozoon, 
the  body  being  developed  from  the  protopla.sm  of  the  cell.  The 
spermatic  elements  escape  into  the  tubes,  and  pa&s  down  the  irnsa 
deferentia  into  the  vesitula  semina/es,  where  they  either  undergo 
retrograde  change  or  are  cast  out  of  the  body. 


Section  of  lh<  tubuli  lemlnilcri  oT  ■  rai.    {SckSfir.) 
oped,    c.  Spermaloioa  fully  developed. 

The  niKfM  arises  from  the  differentiation  of  a  cell  from  iYie  germ 
epilhelivm  covering  the  surface  of  the  ovary.  A  group  of  these 
cells  entering  the  periphery  of  the  ovary,  becomes  there  embedded 
in  a  kind  of  capsule  derived  from  the  surrounding  areolar  tissue 
of  the  stroma,  and  forms  an  immature  Graafian  folluU.  A  cen- 
tral cell  grows  rapidly  to  form  the  ovum,  the  rest  increase  in 
number  to  form  the  small  cells  of  the  granular  tunic.  As  the 
follicle  develops,  it  works  its  way  toward  the  centre  of  the  ovary. 
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and  siibseqiiemly  approaches  the  periphery  of  the  organ  as  a 
fully-developed  Graafian  follicle. 

Microscopically,  it  is  seen    to  be  surrounded    by  a   capsule, 
tunica  fibrosa,  which  is  ill-defined  from  the  stroma  of  the  ovary 


nf  ih«  ovary  of  a  eai,  showing  the  origin  and  ihe  dcielopment  of  Craalun  folliclci. 


\c2fM. 


aafian  follicle  p 
EU-dcTElopEd  U 


in  which  it  lies.  Outside  this  is  a  layer  of  capillary  blood  vessels, 
tunica  vasculosa,  and  to  these  two  coats  collectively  the  term 
tunica  propria  is  applied. 
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Inside  the  tunica  propria  are  granular  cells  of  small  size, 
which  occupy  a  considerable  space  in  the  follicle  ;  they  are 
heaped  up  at  one  spot  around  the  ovum,  which  lies  embedded  in 
their  midst.  These  cells  receive  the  name  of  the  tunica  granulosa, 
and  their  projecting  portion,  which  encircles  the  ovum,  is  called 
the  discus proligerus.  The  remainder  of  the  follicle  is  filled  with 
a  fluid,  liquor folliculi.  The  surface  of  the  ovary  is  covered  by 
columnar  cells,  germ  epithelium,  continuous  with  the  endothelial 
cell  of  the  peritoneum.  When  the  follicle  is  fully  matured,  it 
lies  at  the  periphery  of  the  ovary  beneath  this  layer  of  cells, 
which  separates  it  from  the  abdominal  cavity. 

MENSTRUATION  AND  OVULATION. 

After  puberty,  at  intervals  averaging  about  four  weeks,  the 
genital  organs  of  the  female  become  congested,  and  at  the  same 
time  a  Graafian  follicle  is  ruptured  and  its  contained  ovum  set 
free.  Coincidently  with  the  rupture  of  the  follicle,  the  fim- 
briated extremity  of  the  Fallopian  tube  becomes  closely  approxi- 
mated to  the  spot  where  the  follicle  lies,  so  that  the  ovum,  instead 
of  falling  into  the  abdominal  cavity,  passes  into  the  canal  of  the 
Fallopian  tube,  down  which  it  is  conveyed  to  the  uterus. 

The  usual  place  for  the  ovum  to  meet  the  spermatozoa,  and  to 
be  impregnated,  is  the  Fallopian  tube. 

When  the  ovum  reaches  the  uterus,  if  it  be  unimpregnated,  it 
is  cast  out  with  the  surface  cells  of  the  mucous  membrane  of  the 
uterus,  which  are  destroyed,  and  escape  along  witli  a  sanious 
fluid.  The  whole  of  these  phenomena  constitute  a  menstrual 
act. 

If,  however,  the  ovum  becomes  impregnated,  it  remains  in  the 
Fallopian  tube  some  days,  during  which  time  the  mucous  mem- 
brane of  the  uterus  becomes  so  hypertrophied  as  to  retain  the 
ovum  when  it  reaches  that  organ. 

The  human  ovum  is  a  cell  consisting  of  a  mass  of  protoplasm 
enclosing  a  nucleus  and  nucleolus,  and  surrounded  by  a  cell  wall. 
On  its  outer  surface  is  an  irregular  layer  of  cells,  the  remains  of 
that  part  of  the  tunica  granulosa  which  encircled  the  ovum  in 
the  Graafian  follicle.     The  cell  wall  of  the  ovum  is  called  the 
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vitelline  membrane  or  zona  peltucida,  and  the  mass  of  granular 
protoplasm  it  encircles,  the  vitellus  or  yolk,  and  in  this  is  a 
nucleus — the  germinal  vesicle,  which  contains  a  nucleolus— the 
germinal  spot. 

Beneath  the  outer  covering  of  calcareotis  material  of  the  hen's 
egg  there  is  a  white  membrane,  which  encloses  a  transparent 
albuminous  substance  known  as  the  white  of  egg.  Inside  this 
is  a  yellow  fluid  mass,  the  yolk,  surrounded  by  a  delicate  mem- 
brane, vitelline  membrane.  The  yolk  is  made  up  of  two  varieties 
of  material  of  different  shades  of  color,  the  white  and  the  yellow 
yolk.  Of  these  the  yellow  forms  the  greater  part,  the  white 
being  arranged  in  thin  layers,  which  separate  the  yellow  yolk 
into  strata.  In  the  centre  of  the  yolk  it  forms  a  flask-shaped 
mass,  with  its  neck  turned  to  the  upper  surface,  upon  which  a 
portion  of  the  yolk  rests  called  the  riV(i/«V«/a.  Thiscicatricula, 
which  lies  between  the  vitelline  membrane  and  the  white  yolk,  is 
the  active  growing  ])art  of  the  egg,  and  out  of  it  is  developed  the 
chick  and  the  embryonic  membranes. 

Extending  through  the  albumin  from  the  vitelline  membrane 
to  the  ends  of  the  eggs  are  two 
twisted  membranous  cords — the 
ckala%a,  which  fix  and  protect 
the  delicate  yolk  from  shocks, 
but  allow  it  to  rotate,  so  that  the 
cicatriciila  is  always  the  upper- 
*  most  part  of  the  yolk  when  the 

e  egg  is  on  its  side. 

The  main  stnictural  differences 

between  the    human    ovum  and 

that  of  a  fowl  are  apparent  from 

Oram    iR^ii  ^^  abovc  description  :  the  essen- 

o.  ZonipcUucidaorviKmDe  irimbuni:.      tial  peculiarity  of  the   develop- 

f.  GermiiuiTaicic  or  nucleus  ment   of  the  hen's  egg  is  that 

*.  iiucrlrTiXb"ihe°rei"ciiDn  of  ihe    Only   a   jMjrtion    of  the  yolk    is 

v.Kiiu!  irom  1  e  ion»  [«  uciia.  engflgcd  in  Ihc  formation  of  the 

first  signs  of  the  chick  and  its  membranes,  by  far  the  greater  part 

of  (he  egg,  both  yolk  and  albumin,  being  utilized  as  nourish- 

"  ment  during  the  subsequent  stages  of  development. 
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After  the  egg  has  been  laid,  it  obtains  no  help  from  the  outside 
world,  except  the  oxygen  of  the  air  and  the  heat  of  the  mother's 
body;  it  is,  as  it  were,  fenced  in  with  a  protecting  membrane, 
garrisoned  with  the  quantity  of  provisions  required,  and  by  the 
warmth  of  the  hen's  body  stimulated  to  growth  and  activity. 

The  whole  of  the  human  ovum,  on  the  other  hand,  undergoes 
segmentation  and  differentiation  in  the  primary  formation  of  the 
embryo,  which  subsequently  is  supplied  with  the  necessary  nour- 


Diigiam  or  a  section  oT  an  unimpregnaied  fowl'!  »gg.    VFrsm  Foittr  Md  Bal/sur ,  a/lir 

hi.  BlulddErmorciuiiicula.  i.  Shell. 

»^.  While  yolk.  axh.  Airspace. 

,.f.  Yellovyolk.  ».  Thewhiieofihe  egg. 

ek.t.  Clutau.  vl.  Vildline  n>c>obranc. 

i.i.n.  Inner  layer  of  ihrll  memhrane.  x.  The  denier  albuminous  layer  which  lies 

t  m.  Ouler  layer  of  shell  membrane.  neii  10  Ihe  vJielllne  membrane. 

ishment  from  the  maternal  circulation.  The  life  and  growth  of 
the  human  embryo  defend  ujwn  supplies  from  the  mother,  the 
ovum  not  having  within  itself  any  store  of  nutrient  material. 

CHANGES  IN  THE  OVUM  SUBSEQUENT  TO  IMPREGNATION. 

The  finit  changes  in  the  ovum  independent  of  impregnation 

consist  in  the  shrinking  of  the  yolk  from  the  vitelline  membrane. 
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and  the  extrusion  from  it  of  certain  granular  bodies  which  lie 
between  it  and  the  vitelline  membrane,  and  are  called  the  po/ar 
globules.  The  germinal  spot  and  germinal  vesicle  also  disap|)ear, 
and  are  said,  by  some  observers,  to  form  these  polar  globules. 


After  the  union  of  the  male  and  female  elements,  a  new  nucleus 
ap|>ears  in  the  vitelhis  which  forms  what  is  called  the  segmcniatiim 
sfikert.  This  divides  at  first  into  two  segments,  then  into  four, 
eight,  sixteen,  and  so  on,  until  a  large  mass  of  cells  occupies  the 
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yolk.  To  this  condition  the  name  of  morula  is  given,  from  its 
supposed  likeness  to  a  mulberry.  Fluid  now  collects  among  the 
cells,  and  separates  some  of  them  from  the  others,  and  they 
arrange  themselves  into  an  outer  and  inner  layer,  consisting  of 
different  kinds  of  cells.  The  inner  cells  finally  become  aggre- 
gated at  one  part  of  the  ovum  in  contact  with  the  outer  cells. 
The  ovum  now  receives  the  name  of  the  blastodermic  vesicle. 

In  the  hen*s  egg  the  cleavage  is  confined  to  the  cicatricula  or 
blastoderm,  and  does  not  include  the  rest  of  the  yolk.  From  the 
fact  that  the  cleavage  of  the  yolk  is  only  partial,  such  an  ovum 
receives  the  name  of  meroblastic.  The  human  ovum,  which 
undergoes  complete  segmentation,  is  called  holoblastic. 

The  cells  in  the  blastodermic  vesicle  become  arranged  into 

Fig.  270. 


.N 


;^Tattil^*Tffi 


^J^^»^g_ 


Transverse  section  of  the  medullary  g^roove,  and  half  the  blastoderm  of  a  chick  of  eighteen 

hours.    {Fps/er  and  Balfour,) 

A.  Epiblast.  m/l  Medullary  fold. 

B.  Mesoblast.  mc.  Medullary  groove. 

C.  Hypoblast.  cA.  Notochora. 

three  definite  layers,  which  are  called  respectively,  from  their 
position  in  the  blastoderm,  the  ep'filasl,  the  mesoblasl,  and  the 
hypoblast. 

From  these  layers  are  developed  the  embryo  and  the  mem- 
branes surrounding  it,  each  layer  being  developed  exclusively 
into  certain  tissues. 

Thus  from  the  epiblast,  or  outer  layer,  arise  the  epidermis  of  the 
skin,  the  brain  and  spinal  cord,  and  certain  parts  of  the  organs 
of  special  sense ;  while  it  also  aids  in  the  formation  of  the  chorion 
and  the  amnion.  From  the  mesoblast  are  developed  the  skeleton, 
connective  tissues,  muscles,  and  nerves,  in  addition  to  the  vascu- 
lar system  and  the  supporting  tissue  of  the  glands ;  one  kind 
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of  tessellated  cells  arises  from  this  layer,  viz.,  the  endothelium, 
forming  the  surface  of  all  serous  membranes.  P>om  the  hypo- 
blast spring  the  epithelial  lining  of  the  alimentary  canal,  that 
of  the  glands  which  are  diverticula  from  it,  and  of  the  lungs ;  it 
also  forms  the  lining  membrane  of  the  allantois  and  yolk  sac. 

The  blastoderm  of  the  hen*s  ovum,  which  is  comparatively 
easily  studied,  consists  of  a  small,  clear,  central  portion,  called  the 
area  pellucida,  from  which  the  body  of  the  chick  arises.  Sur- 
rounding the  area  pellucida  is  a  much  larger  zone,  which  appears 
less  transparent ;  this,  the  area  opaca^  is  devoted  to  the  forma- 
tion of  the  membranes. 


Fig.  271. 


RS9. 


Diagrammatu:  longitudinal  section  through  the  axis  of  ao  embryo  chick.    {Poster  and 

Balfour.) 

N.  C.  Neural  canal.  Ch.  Notochord.  D.  Foregut  F.  So.  Somatopleure.  P.  ^,  Splanch- 
nopleure.  S/.  Splanchnopleure  forming  the  lower  wall  of  the  foregut.  NL  neart.  //. 
Pleuroperitoneai  cavity.  Am.  Amniotic  fold.  A.  Epiblast.  B.  Mesoblast.  C.  Hypo- 
blast. 


The  embryo  is  developed  from  the  rest  of  the  blastoderm  in 
the  following  manner.  At  the  front  of  the  area  pellucida  a  fold, 
or  dipping  in  of  the  blastoderm  takes  place ;  this  consists  of  a 
projecting  part  above  and  a  groove  below,  and  constitutes  the 
cephalic^  or  head  fold.  The  upper  projecting  portion  of  the  fold 
tends  to  grow  forward,  while  the  groove  grows  gradually  back- 
ward. Later  on,  another  fold  appears  at  the  posterior  part  of 
the  area  pellucida ;  this  is  the  tail  fold.  At  the  sides  of  the  area 
pellucida  folds  appear,  which  tend  to  grow  downward  and  in- 
ward so  as  to  reach  the  under  surface  of  the  blastoderm  and 
unite  with  the  head  and  tail  folds. 
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By  the  approximation  of  all  these  folds  a  canal  is  formed — 
the  embryonal  sac — which  is  closed  above  by  the  main  portion  of 
the  area  pellucida,  in  front  by  the  head  fold,  behind  by  the  tail 
fold,  at  the  sides  by  the  lateral  folds,  while  below  it  is  open  to  the 
vitellus.  This  canal  ultimately  becomes  subdivided  into  an  inner 
tube,  the  alimentary  tract,  and  an  outer  one,  which  forms  the 
body  walls,  the  final  place  of  union  of  the  folds  being  marked 
by  the  umbilicus.  It  must  be  clearly  understood  that  these 
primary  folds  which  form  the  embryo  include  in  their  layers  the 
epiblast,  the  whole  thickness  of  the  mesoblast,  and  the  hypoblast, 
whereas  the  folds  giving  rise  to  the  membranes  do  not  compre- 
hend all  these  layers. 

FORMATION  OF  THE  MEMBRANES. 

(i)  The  Amnion. — The  mesoblast  around  the  embryo  becomes 
thickened,  and  is  split  into  two  distinct  layers ;  this  cleavage  is 
at  first  confined  to  the  neighborhood  of  the  embryo,  but  gradu- 
ally spreads  over  the  whole  blastoderm. 

The  upper  of  these  two  layers  of  the  blastoderm  receives  the 
name  of  the  somatopleurey  and  is  engaged  in  the  formation  of  the 
body  walls  of  the  embryo  and  the  amnion.  The  lower  one  is 
called  the  spianchnopieure,  and  forms  the  walls  of  the  alimentary 
canal,  the  allantois,  and  the  yolk  sac.  The  space  intervening 
between  these  layers  is  called  the  pleuroperitoneal  cavity.  At  a 
point  in  front  of  the  cephalic  fold,  an  upward  projection  of  soma- 
topleure  takes  place,  conveying  with  it  the  overlying  epiblast. 
Along  the  sides  of  the  embryo  and  behind  the  caudal  fold,  pro- 
jections of  the  somatopleural  mesoblast  and  epiblast  also  occur. 
Thus  folds  are  developed  consisting  of  somatopleural  mesoblast 
and  of  epiblast,  which  tend  to  grow  upward  and  meet  over  the 
back  of  the  embryo.  These  are  the  amniotic  folds,  and  each 
presents  two  surfaces,  one  looking  toward  the  embryo  and  the 
other  toward  the  vitelline  membrane.  As  they  meet  over  the 
back  of  the  embryo  the  folds  become  fused,  the  membranes  look- 
ing toward  the  embryo  joining  to  form  the  amnion  proper,  while 
those  next  the  vitelline  membrane  unite  to  form  the/a/se  amnion, 
which,  separating  from  the  amnion  proper,  retires  toward  the 
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vitelline  membrane,  with  which  it  unites  to  form  the  primitive 
chorion. 

The  proper  amnion  then  is  a  sac  formed  of  an  outer  layer 
derived  from  the  mesoblast  and  an  inner  layer  derived  from  the 
epiblast.  The  false  amnion  likewise  consists  of  mesoblast  and 
epiblast,  but  here  the  epiblast  is  external.     The  amnion  proper 

Fig.  372. 
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Fie.  373  and  the  following  two  wood-cuts  are  diagrammatic  views  of  sections  through  the 

developing  ovum,  showing  the  formation  of  the  membranes  of  the  chick,    {Fatter  and 

Ba(/bur.) 
A,  B,  C,  D,  E  and  F  are  vertical  sections  in  the  long  axis  of  the  embryo  at  diflTerent  periods. 

showing  the  stages  of  development  of  the  amnion  and  of  the  yolk  sac. 
I,  II,  III  and  IV  are  transverse  sections  at  about  the  same  stages  of  development, 
i,  ii  and  ili  give  only  the  posterior  part  of  the  longitudinal  section,  to  show  three  stages 

in  the  formation  of  the  allantois. 

e.  Embryo.    ^.  Yolk.    /^.  Pleuroperitoneal  fissure,    c/.  Vitelline  membrane. 

ay.  Amniotic  fold.    ai.  Allantois. 

is  continuous  with  the  skin  of  the  embryo,  and  when  the  foetus 
is  mature,  the  connection  may  be  traced  by  the  umbilical  cord, 
round  which  it  forms  a  sheath  continuous  with  the  skin  at  the 
umbilicus.  This  membranous  sac  enlarges,  and  in  mammalia 
eventually  becomes  the  large  bag  of  liquid  which  contains  the 
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foetus  The  ammottc  liquid  is  of  low  specific  gravity  consisting 
mainly  of  water  containing  traces  of  nitrogenous  matter  phos- 
phates and  chlorides 

It  contains  albumin  and  some  other  nitrogenous  constituents. 


.;,f^ 


and  a  minute  quantity  of  urea,  which  is  thought  to  lie  derived 
from  the  ftelal  kidneys. 

This  fluid  preserves  the  child  from  the  effecls  of  an}  jolts  or 
jars  caused  by  the  movements  of  the  mother,  and  similarly  pro- 
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tects  the  uterus  of  the  mother  by  acting  as  a  buffer  between  the 
foetus  and  the  uterine  wall.  Before  delivery  it  helps  to  dilate 
the  OS  uteri,  so  that  when  the  amnion  is  ruptured  the  head  of  the 
fcetus  occupies  the  opening  which  has  been  gradually  made  by 
the  fluid  wedge.  The  outer  part  of  the  amniotic  membrane, 
derived  from  the  mesoblast,  is  of  a  tougher  character  than  the 
inner  epithelial  layer,  possesses  muscular  fibre  and  is  capable  of 
rhythmical  c 


(2)  The  Yolk  sae  is  that  part  of  the  blastoderm  which  grows 
and  envelops  the  yolk,  which  previously  was  only  surrounded  by 
the  vitelline  membrane.  After  the  mesoblast  has  split  Into  two 
layers,  the  splanchnopleure  becomes  l>ent  inward  at  a  point  some 
distance  from  its  origin,  carrying  with  it  the  hyi>oblast.  Hy  this 
cur\e  an  upper  constricted  canal  is  differentiated  from  the  large 
lower  cavity.      This  upper  canal  becomes  eventually  the  aliment- 
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ary  tract,  the  tower  cavity  the  yolk  sac,  while  the  constricted 
portion  leading  from  one  to  the  other  is  the  canat  leading  from 
the  intestine  to  the  yolk,  called  the  ductus  viUllo-intestinalis. 

At  first  the  splanchnopleure  encloses  only  the  upper  part  of 
the  yolk,  but  as  development  proceeds  it  grows  around,  and  at 
last  completely  encircles  it.  The  yolk  sac  is  thus  derived  from 
the  splanchnopleural  layer  of  the  mesoblast,  and  its  lining  hypo- 
blast. 

The  yolk  is  continually  used  up  for  the  nutrition  of  the 
embryo,  and  its  covering  shrinks  in  size,  becoming  smaller  with 
the  growth  of  the  foetus,  until  eventually  it  forms  but  a  shriveled 
protrusion  from  the  intestine,  lying  in  the  umbilical  cord. 


udhul  KdJon  of  1  chick  on  the  Iburth  Ami.    (Alint  TJktmnm.) 
t*.  Epiblul.    At.  Hypoblut.     tm.  Somalopleun.     vm   SpLuKhnopkiin.    a/,*/'.  Faldi 
oTthe  wnnion,    ff,  TIainijieTiWntMXayay.    wn.  Civliy  of  unnian.    a/.  Alkanloii.    a. 


The  importance  of  the  yolk  sac  differs  largely  in  mammalia 
and  birds.  In  man  it  is  not  highly  developed,  as  its  place  is 
early  supplied  by  the  placenta.  In  birds  it  develops  to  a  much 
higher  degree,  being  the  seat  of  a  special  circulation,  which 
carries  nourishment  from  the  yolk  to  the  chick.  The  vessels  are 
developed  in  the  mesoblastic  jiortion  of  the  membrane,  and  are 
called  the  omphalo-mfsenteric  vessels,  which  convey  blood  to  and 
from  the  primitive  heart. 

(3)  The  AUanlois,  or  urinary  vesicle,  in  the  chick  is  of  import- 
ance, as  the  vessels  developed  in  it  are  used  for  respiratory  pur- 
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poses,  being  spread  out  beneath  the  porous  shell.  In  the 
mammalian  embryo  it  is  still  more  important,  as  il  is  tRe  seal  of 
the  circulation,  which  performs  the  chief  function  of  the  foetal 
placenta.  The  allantois  arises  at  the  tail  of  the  embryo,  as  a 
budding  outward  of  a  portion  of  the  sptanchnopleiire  forming 
the  wall  of  the  primitive  intestine.  It  is  lined  by  hypoblast,  and 
projects  into  the  pi  euro- peritoneal  cavity.  As  it  grows  away 
from  the  embryo  it  extends  between  the  layers  of  the  true  and 

F10.174. 


Diafram  ot  an  embryo,  showing  Ihv  rclationahip  of  the  vascuLar  aUuiWli  10  Ihe  villi  of  ihe 

a.  Uei  in  Ihecavtly  of  Lhe  amnion  under  the  embryo.    /.  YotU  sac.   <-.  Allaniois.    ^.  Vei. 
Kit  of  the  allanloii  dipping  into  the  yil1<  or  the  chorion.    /.  Chorion. 

false  amnion  and  approaches  toward  the  vitelline  membrane, 
but  remains  connected  to  the  intestine  by  a  narrow  tube.  When 
it  reaches  the  periphery  of  the  ovum,  it  spreads  over  the  chorion 
as  a  complex  lining,  and  sends  processes  into  the  villi  of  that 
organ.  Il  becomes  chiefly  develo]>ed  at  that  part  of  the  chorion 
which  is  op|)osite  the  decidua  serotina  of  the  mother.  In  the 
mesobla-stic  layer  of  the  allantois  blood  vessels  arise  which  are 
connected  with  large  trunks,  proceeding  from  the  primitive  aortre. 
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called  the  umbilical  arteries;  these  will,   however,  be   further 
described  when  treating  of  the  foetal  placenta. 

As  the  foetus  becomes  developed,  the  part  of  the  allantois  in 
connection  with  the  body  becomes  gradually  obliterated.  A  part 
of  it  remains  as  the  urinary  bladder,  and  the  rest  forms  a,  fibrous 
cord,  which  runs  from  the  apex  of  the  bladder  to  the  umbilicus, 
and  is  known  as  the  urachus, 

(4)  The  Chorion  is  the  external  covering  of  the  ovum.  At 
first  it  consists  simply  of  the  zona  pellucida  or  vitelline  mem- 
brane, and  then  it  is  called  the  primitive  chorion.  Later  it  is 
supplemented  by  that  part  of  the  somatopleure  removed  from 
the  embryo  in  the  process  of  forming  the  amnion.  This  blends 
with  the  primitive  chorion  and  strengthens  it,  and  while  lying 
beneath  the  zona  pellucida,  receives  the  name  of  the  subzonal 
membrane.  The  chorion  at  first  is  a  smooth  membrane,  but 
villous  processes  early  grow  out  from  it.  These  villi  are  chiefly 
developed  at  its  upper  part,  where  they  aid  in  the  formation  of 
the  foetal  placenta. 

The  allantois,  when  it  has  spread  over  the  chorion,  becomes 
blended  with  this  membrane,  and  fills  the  villous  processes  with 
the  blood  vessels  it  contains. 

THE  PLACENTA. 

The  Placenta  is  an  organ  most  important  to  the  mammalian 
embryo.  It  conveys  not  only  nourishment  but  also  oxygen  from 
the  maternal  blood  to  that  of  the  foetus.  It  is,  of  course,  neces- 
sary that  the  animals  whose  ova  do  not  contain  large  stores  of 
food  should  in  some  way  provide  the  substances  necessary  for 
the  life  of  their  embryo,  and  it  is  by  means  of  the  placenta  that 
this  is  brought  about.  The  embryo  of  oviparous  animals  does 
not  require  a  placenta  for  its  nutrition,  since  there  is  inside  the 
egg  a  large  store  of  highly  nutritious  albuminous  and  fatty  ma- 
terials ;  the  shell  is  pervious  to  air,  and  the  chick*s  blood  can  in 
the  allantois  be  oxidized  by  the  air  directly.  A  bird's  egg  con- 
tains in  itself  all  the  necessaries  which  the  placenta  supplies,  and 
when  impregnated  only  re(iuires  the  heat  of  the  mother's  body  to 
develop  a  chick. 
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While  an  ovum  is  descending  the  Fallopian  tube,  the  mucous 
membrane  of  the  uterus  becomes  turgid,  and,  as  before  mentioned, 
if  the  ovum  be  unimpregnated  it  is  cast  out  of  the  body,  part 
of  the  substance  of  the  lining  membrane  of  the  uterus  is  des- 
quamated and  discharged  with  a  fluid  largely  composed  of 
blood.  This  takes  place  approximately  every  four  weeks,  and 
hence  is  called  menstruation.  If  the  ovum  be  impregnated, 
however,  the  mucous  membrane  of  the  uterus  not  only  becomes 
turgid,  but  its  cells  proliferate,  and  considerable  thickening  of 
the  tissue  takes  place.  The  mucous  membrane  is  then  called  the 
decidua.  When  the  ovum  reaches  the  uterus  it  ordinarily  be- 
comes embedded  in  that  part  of  the  decidua  which  occupies  the 
fundus  of  the  uterus.  The  decidua  here  grows  excessively,  and 
becomes  much  thickened,  and  on  either  side  of  the  ovum  a  pro- 
jection is  sent  from  the  decidua  which  meets  below  the  ovum, 
and  completely  encircles  it. 

The  name  decidua  vera  is  given  to  the  membrane  lining  the 
general  cavity  of  the  uterus,  while  that  part  lining  the  fundus, 
to  which  the  ovum  is  attached,  is  called  the  decidua  serotituiy  and 
its  processes  surrounding  the  ovum  receive  the  name  of  the 
decidua  reflexa. 

The  placenta  is  developed  from  two  sources,  one  arising  from 
the  membranes  of  the  foetus,  and  the  other  belonging  to  the 
mother. 

Relation  of  the  Fatal  to  Maternal  Placenta. — The  maternal  part 
is  formed  from  the  decidua  serotina,  which  becomes  much  thick- 
ened and  very  vascular  where  the  placenta  is  attached.  The 
foetal  placenta  is  derived  from  the  chorion,  which  sends  out  a 
number  of  finger-like  processes,  which  subdivide  and  into  which 
the  allantois,  as  it  spreads  over  the  chorion,  sends  prolongations. 
The  mesoblastic  layer  of  the  allantois  gives  rise  to  the  capillaries 
which  are  in  these  processes.  The  capillaries  spring  from  the 
branches  of  the  umbilical  arteries  which  pass  along  the  umbilical 
cord  to  reach  the  chorion.  The  vessels  of  the  decidua  serotina 
or  maternal  placenta  end  in  large  sinuses,  lined  by  endothelial 
cells.  The  blood  is  carried  to  these  sinuses  by  the  uterine 
arteries,  and  from  them  by  the  uterine  veins.     The  walls  of  the 
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Scries  of  dl»niini  itpTCSeDiliiE  the  TctiiioiHhip  of  the 

peiiodi.    The  deciJim  art  colorefl  hipck.  ynd  the  ovuir 

cidm  rcAcii  growing  iDund  the  ovum,  j.  ComplFllon 
4.  GenenI  giowlh  of  liMi  of  the  charion.  j.  Special  ] 
ncnt,  and  atrophy  of  th?  reit. 
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sinuses  are  provided  with  unstriped  muscular  tissue,  which  can 
close  the  inlets  from  the  arteries,  and  thiis  shut  out  the  blood. 
The  villi  of  the  fceta!  placenta,  dipping  into  these  uterine  sinuses, 
are  covered  with  a  single  layer  of  thin,  scaly  cells,  so  that  the 
fcctal  blood  is  only  separated  from  the  maternal  by  the  walls  of 


'Urbwr,    M,  D*ciclua*H!roliiia.    r.  Dtcidm  rtfleM.    V.  Dtcidura  ven.    e*.  ChonoB. 
■■.  Uiirinecavitr-    f.  Caviiy  aTiheccrvii. 

the  capillaries  and  these  thin  cells,  and  thus  the  interchange  of 
nutrient  materials  and  gas  readily  go  on  lietween  them;  it  is 
very  similar  to  the  conditions  of  the  lung  alveoli,  where  the 
blood  is  sejarated  from  the  air  with  which  it  interchanges  gases 
by  the  cells  of  the  capillary  wall  and  of  the  lung  alveolus. 
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Though  the  capillaries  of  the  foetus  are  in  such  close  relation 
to  the  blood  of  the  mother,  it  must  be  distinctly  understood  that 
there  is  no  direct  communication  between  the  vessels  of  the 
foetus  and  those  of  the  mother,  and  therefore  it  is  not  possible  to 
inject  the  vessels  of  the  mother  through  those  of  the  foetus,  or 
vice  versd. 

The  nutrient  materials  from  the  maternal  blood  together  with 
oxygen  diffuse  through  the  walls  of  the  foetal  capillaries,  the 
effete  matter,  on  the  other  hand,  passing  from  the  capillaries  to 
the  blood  in  the  veins  which  surrounds  and  bathes  these  vessels. 
The  placenta  increases  with  the  growth  of  the  foetus  till  shortly 
before  birth,  when  it  is  said  to  undergo  a  certain  amount  of 
degeneration.  It  is  cast  out  of  the  uterus  after  the  expulsion  of 
the  foetus  with  the  membranes  attached  to  it.  It  is,  however, 
only  the  superficial  layer  of  the  maternal  placenta  (which  is 
intimately  connected  with  the  foetal  placenta)  that  is  cast  off,  the 
deeper' layer  remaining  in  the  uterus,  and  undergoing  various 
changes  during  the  reduction  of  this  organ  to  its  normal  size. 

After  ligature  of  the  umbilical  cord,  the  intimate  relationships 
of  the  maternal  and  foetal  circulation  cease,  and  it  is  thought 
that  this  causes  the  inlets  of  the  uterine  sinuses  to  contract,  so 
that  when  the  placenta  separates  from  the  uterine  walls,  the  arte- 
rioles leading  to  the  sinuses  are  contracted  and  possibly  occluded 
with  clots.  The  uterine  blood  current  is  thus  prevented  from 
escaping  into  the  uterine  cavity  after  parturition,  and  causing 
profuse  hemorrhage. 

The  uses  of  the  placenta  may  be  briefly  summed  up  as — 

(i)  Alimentary^  as  it  supplies  the  place  of  the  organs  of  diges- 
tion by  supplying  the  foetal  blood  with  nutritive  material. 

(2)  Respiratory y  as  it  performs  the  function  of  the  lungs,  the 
foetal  blood  receiving  oxygen  from  the  oxyhaemoglobin  of  the 
mother,  to  which  it  gives  up  its  COj. 

(3)  Excretory,  as  it  does  duty  for  the  kidneys,  removing  the 
urea,  etc.,  from  the  foetal  blood. 
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CHAPTER  XXXVIII. 
DEVELOPMENT  OF  THE  SPECIAL  SYSTEMS. 
DEVELOPMENT  OF  THE  VERTEBRAL  AXIS. 
The  earliest  evidence  of  the  diRerentiation  of  the  blastoderm 
consists  in  the  appearance  of  the  primittw  streai  v/h\c}\  forms  the 
first  sign  of  the  embryo.   This 
is  a  line  which  appears  near 
what  is  to  be  the  tail  end  of 
the  embryo,   and    runs   for- 
ward.   This  primitive  line  or 
streak  is  due  to  the  thicken- 
ing of  the  mesoblast,  and  it 
becomes    converted    Into    a 
groove   by  a  depression   ap- 
Iiearing  in  its  centre,  forming 
the  primitive-'  grooiie.      This 
extends  in  a  forward  direc- 
tion,  but  never  reaches  the 
head    fold    of   the   embryo, 
which,  in  the  chick,  appears 
a  few  hours  after  the  forma- 
tion of  the  primitive  groove. 
In   front  of  the   primitive 
groove,  and  stretching  back- 
ward   to    overlap  it  at    the 
^wen"iJ.^«r^"'"f™''»b^«"'(i^«°/r'l',^     side,  arise  two  folds  of  the 
*'*^w'.  ,.      ,..  epiblast,    called    the   laminie 

A.    WcAMUty  folds.  ,  , 

me.  Mcduiiaij'  groove.  doisales     or     the    medullary 

,r.   Pnmiiiv.  si™k  ^vA  groove.  -^ 

ffftdS. 

These  are  elevations  of  ihe  epiblast,  beneath  which  the  meso- 
blast is  thickened.  They  arise  in  front,  where  they  are  joined 
immediately  behind  the  head  fold,  while  |)Osteriorly  they  diverge, 
and  passing  on  either  side  of  the  primitive  groove,  gradually 


DEVELOPMENT  OF  THE   VERTEBRAL   AXIS.  687 

become  lost.     Between  the  two  folds  is  a  furrow  lined  by  epi- 
blast,  which  is  called  the  medullary  groove. 

The  medullary  folds  growing  upward,  turn  in  loward  one  an- 
other, and  eventually  coalesce  at  their  line  of  meeting,  converl- 


TnuHRiK  iccUon  or  Itat  cmbcyo  of  a  chick  at  ihe  end  of  the  finl  day.    (KSlllkir.) 
if,  Maoblast.   dd.  Hypoblut.    m.  MeduLlnry  plait.   It.  Epibtail.    Pv.  Medullary  noonc. 
Rf.  Medullary  fold:,    ti.  Chorda  danalii.    vaf.  ProlqverMbrm!  plaie.    mp*.   Diidiion 
of  fneaoblaat. 

ing  the  medullary  groove  into  a  channel — the  medullary  canal; 
this  union  of  the  folds  takes  place  from  before  backward. 

The  medullary  canal  thus  formed  lies  in  the  axis  of  the  em- 
bryo on  the  uncleft  mesoblast ;  it  is  covered   in  superficially  by 


(Kfllilur.l 
rf.  MeduUary    groove.     *.    Epibl 
1  cavliy.    J/.  Eiumal    plaU  of  m 


several  layers  of  epiblastic  cells,  which  also  line  its  walls.  The 
canal  is  the  earliest  representative  of  the  nervous  centres,  and 
eventually  becomes  the  brain  and  spinal  cord.  The  front  part 
of  the  canal,  when  completely  closed  in,  becomes  dilated  into  a 
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btilb,  thus  forming  the  earliest  indication  of  the  brain.  The 
hind  part  of  the  medullary  groove  remains  unclosed  considerably 
later  than  the  fore  part.  It  gradually  becomes  converted  into  a 
canal  at  the  tail  end,  and  as  it  extends  backward  obliterates  the 
primitive  streak  and  groove,  which  are  lost,  and  take  no  perma- 
nent [jart  in  the  formation  of  the  embryo. 

Beneath 'the  medullary  canal  the  cells  of  the  mesoblast  are 
altered  to  form  a  rod-shaped  cellular  body,  which  following  the 
line  of  the  canal  lies  in  the  axis  of  the  embryo  ;  this  is  the  chorda 
dorsalis  or  notochord. 

Supporting  the  medullary  canal  on  either  side  of  the  chorda 
dorsalis  are  masses  of  mesoblast,  somewhat  quadrangular  in 
section,  which  are  termed  the  vertebral  plates  ;  continuous  with 


wr.  Medullary  onaL  h.  F.piUuI.  tmk.  Civlty  <A  pi 
duct.  »•/.  Mcsoblut  dividing.  A/'.  Sonixopleurc.  4 
periumeal  cavLiy.    4d-  Hypoblast,    ck.  NolDchord. 

these  externally  are  other  thinner  masses  of  mesoblast  called  the 
lateral  plates. 

The  lateral  plates  become  divided  into  an  upper  part  or 
somatopleure,  which  is  in  close  relationship  to  the  epiblast,  and  a 
lower  i>art,  the  splanchmpkure,  which  is  next  to  the  hypoblast ; 
the  space  between  these  being  ihs pleuroperitoneal  cavity.  The 
vertebral  plates  become  separated  from  the  lateral  plates  by  a 
longitudinal  partition,  so  that  on  either  side  of  the  neural  canal 
is  a  mass  of  undivided  mesoblast  extending  laterally  toward  the 
divided  mesoblast. 

In  each  vertebral  plate  there  appear  transverse  vertical  inter- 
ruptions at  definite  intervals,  which  split  the  plate  up  into  a 
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number  of  quadrangular  blocks  of  mesoblast,  known  as  the 
protovertebne ;  the  number  of  these  corresponds  to  the  number 
of  vertebrae  of  the  animal. 

These  protovertebne  become  subdivided  by  transverse  fissures 
into  external  parts,  the  muscle  plates,  which  form  eventually  the 


lick.     (KStliktT   t/ltr 


i.  Archei  of  the  >citebnE. 
'!   B^"yo?'fi*iMrvicalv«1 


dorsal  and  other  muscles,  and  internal  parts  which  become  the 
permanent  vertebrse. 

From  these  inner  |)ortions  |)rocesses  of  mesoblast  grow  upward 
over  the  medullary  canal  to  meet  with  processes  from  the  pro- 
tovertebne of  the  opposite  side.     Mesoblastic  tissue  also  grows 
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inward  between  the  medullary  canal  and  the  notochord,  and 
between  the  notochord  and  subjacent  hypoblast. 

These  projections  beneath  the  notochord  meet  with  others  from 
a  mass  of  the  mesoblast,  lying  between  the  protovertebrse  and  the 
cleft  mesoblast,  and  known  as  the  intermediate  cell  mass. 

The  portions  of  the  protovertebrae  above  the  medullary  canal 
form  the  arches  of  the  vertebrae ;  from  those  surrounding  the 
notochord  the  bodies  of  the  vertebrae  are  developed. 

The  outer  part  of  each  protovertebra  divides  into  an  anterior 
or  pre-axial  part,  from  which  arises  the  ganglion  of  a  spinal 
nerve,  and  into  a  posterior  or  post-axial  part. 

After  this  the  original  lines  of  separation  between  the  proto- 
vertebrae disappear,  and  the  spinal  column  is  fused  into  a  cartila- 
ginous mass.  New  segmentation  now  appears  in  the  centre  of 
each  original  protovertebra,  midway  between  the  primary  divi- 
sions. Thus  the  vertebral  column  is  divided  into  a  number  of 
component  parts,  each  of  which  is  destined  to  become  a  perma- 
nent vertebra. 

The  vertebrae  do  not  then  correspond  to  the  original  protover- 
tebrae, but  rather  to  the  posterior  half  of  that  which  lay  in  front 
of  the  primary  division  joined  to  the  anterior  half  of  the  one 
behind.  The  ganglia  of  the  spinal  nerves,  by  this  arrangement, 
instead  of  belonging  to  the  front,  become  joined  to  the  posterior 
part  of  the  vertebra  to  which  they  belong. 

The  notochord  atrophies  with  ossification  of  the  vertebrae,  and 
finally  is  represented  only  by  a  mass  of  soft  cells  in  the  centre  of 
an  intervertebral  disc. 

In  connection  with  the  vertebrae  in  the  dorsal  region,  processes 
grow  horizontally,  these  are  the  rudiments  of  the  ribs. 

DEVELOPMENT  OF  THE  CENTRAL  NERVOUS  SYSTEM. 

SPINAL  CORD. 

Soon  after  the  closure  of  the  medullary  or  neural  canal  at  its 
anterior  or  cranial  end,  it  is  dilated  in  this  region  into  three 
vesicles,  known  as  the  first,  second,  and  third  cerebral  vesicles, 
from  which  the  brain  is  develoj^ed.  The  spinal  cord  is  formed 
from  that  part  of  the  medullary  canal  which  lies  over  the  chorda 
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dorsalis.  The  medullary  canal  is  lined  by  coluninar  cells  derived 
from  the  epibtast,  which,  shortly  after  they  are  shut  off  from  the 
general  eplblast,  develop  at  the  sides  of  the  canal,  so  as  to  narrow 
the  lumen  of  the  tube  by  the  increase  in  thickness  of  its  sides. 
The  upper  and  lower  parts  of  the  canal  do  not  become  thickened. 
The  side  walls  approximate 
'  '^'  to     the     centre,     decreasing 

laterally  the  lumen  of  the 
canal,  which  becomes  narrow 
in  the  middle  with  a  dilata- 
tion above  and  below.  The 
lateral  walls  of  the  canal,  thus 
approximated,  unite  in  the 
centre,  and  convert  the  medul- 
lary canal  into  two  separate 
tubes,  a  dorsal  and  a  ventral. 
The  lower  or  ventral  tube  of 
the  divided  canal  becomes  the 
central  canal  of  the  spinal 
cord,  and  the  columnar  cells 
of  the  epiblast  form  alining  of 
ciliated  columnar  epithelium. 
The  epiblast  at   the  lower 

^huT.'nX''™./fI™'ni"'^^"™™k'' P*''*  °^   ^^^    '^"*'  becomes 

(Ks»ittr.)  converted  into   the   anterior 

i"'c^"mn"*f°Con  Si'^y  columns,  in  connection 

f.  Positrior  coiuoin.  with  which  arise  the  anterior 

M*  Aich  of  «irebr>  roots  of  the   spinal    nerves; 

a' Anieriot column.  whilc  at  the  uppcf  part    the 

(*,  Noiochord.  posterior    Eray   columns    are 

i.  Body  of  iht  venil™.  '  ,  .  ■  ,      , 

■.  SpiniJ  ntr™.  formed  in  connection  with  the 

I.  Epithelium  of  unii.  posterior  roots  of  the  spinal 

nerves  and  their  ganglia. 

The  white  columns  are  thought  by  some  authors  to  be  derived 

from  the  mesoblast  surrounding  the  canal,  but  by  others  they  are 

assigned  to  the  ejii blast. 

'  The  upper  or  dorsal  canal  becomes  converted  into  a  hssure  by 
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the  absorption  of  its  roof,  and  is  thus  changed  into  the  posterior 
fissure  of  the  spinal  cord. 

The  anterior  fissure  is  formed  by  the  down-growth  of  the  anterior 
columns,  which  diverge,  leaving  between  them  an  interval  which 
becomes  occupied  by  the  pia  mater. 

The  commissures  are  not  formed  between  the  lateral  halves  of 
the  cord  until  later.     The  gray  commissure  appears  first. 
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THE,  BRAIN. 

Anterior  Cerebral  Vesicle. — As  already  mentioned,  the  brain  is 
formed  from  the  primitive  neural  <anal,  the  anterior  part  of  which 
dilates  into  three  little  swellings  called  the  anterior,  middle  and 
posterior  cerebral  vesicles.     From  the  anterior,  or  first  cerebral 
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vesicle,  at  an  early  period  spring  two  processes,  which  become  the 
optic  vesicles.  These  ultimately  develop  into  the  retina,  and  other 
nervous  parts  of  the  eye,  with  the  history  of  which  the  changes 
occurring  in  them  will  be  described. 

The  optic  vesicles  are  pushed  downward  by  two  large  processes 
growing  forward  from  the  anterior  vesicle  (the  primitive  cerebral 
hemispheres).  The  anterior  part  of  the  brain  then  appears  lo  be 
composed  of  two  divisions,  the  anterior  of  which  is  subsequently 
developed  into  the  cerebral  hemispheres,  corpora  striata,  and  the 
olfactory  lobes,  as  a  whole  called  prosencephalon,  while  the  hinder 
part,  representing  the  anterior  vesicle,  receives  the  name  of 
tkalnmencephaton . 

The  cavity  of  the  thalamencephalon  opens  behind  into  the 
cavity  of  the  middle  cerebral  vesicle,  and  in 
Fic,  2*6.  ixoni  communicates  with  the  hollow  nidiments 

of  the  cerebral  hemispheres,  and  eventually  it 
0,.  becomes  the  cavity  of  the  third  ventricle.    The 

floor    of  the  thalamencephalon    is   ultimately 
*-■  developed  into  the  optic  chiasma,  part  of  the 

optic  nerves,  and  the  infundibulum.     The  lat- 
5  ter  comes  in  contact  with  a  process  from  the 

mouth,  uniting  with  which  it  ultimately  forms 
the  pituitary  body.     From  the  posterior  part 
of  the  roof  of  the  thalamencephalon  is  devel- 
oped the  pineal  gland — a  peculiar  outgrowth, 
of  unknown  function,  more  elaborately  devel- 
Diagnim  of  iht  cere-  Oped  in  some  of  the  lower  vertebrates.     The 
brain""f°»'cwcv"«  anterior  part  of  the    roof   of   the    thalamen- 
lfw!r"''»1'''<^=^'-  cephalon  becomes  very  thin,  and  its  place  is 
lic'inS'ii''  '^'^'^  finally  occupied  by  a  thin  membrane  contain- 
ing a  vascular  plexiB,  which  persists  in  the  roof 
of  the  third  ventricle  {(horoid plexus).     From  the  sides  of  the 
thalamencephalon,  which  become  extremely  thickened,  are  devel- 
oped the  opiic  thalami. 

The  primitive  cerebral  hemispheres  first  apjiear  a,s  two  lobes 
growing  from  the  anterior  part  of  ihe  first  cerebral  vesicle.  The 
floor  of  these  lobes  thickens,  and  forms  the  corpora  striata,  while 
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the  roof  develops  into  the  hemispheres  proper.     The  c 
these  lobes  become  the  lateral  ventricles,  and  are  connected  by 
the  fgramen  of  Monro, 
''*'^-  which    at    the    earlier 

periods  is  very  wide, 
but  subsequently  nar- 
rows to  a  mere  slit. 
The  cerebral  hemi- 
spheres are  separated 
at  an  early  stage  by  a 
fold  of  connective  tis- 
sue, which  ultimately 
forms  into  the  falx 
cerebri.  The  hemi- 
spheres are  greatly  en- 
larged in  the  backward 
direction,  so  that  they 
quite  overlap  the  thala- 
mencephalon  and  the 
parts  developed  from 
the  middle  cerebral 
vesicle.  The  corpus  cal- 
losum  is  subsequently 
formed  by  the  fusion  of 
the  juxtaposed  parts  of 
the  hemispheres. 

From  the  anterior 
part  of  the  cerebral 
hemispheres  arise  two 
])rolongations,  which 
develop  into  the  olfac- 
tory bulbs ;  these  grow 

Mnebnt,    j.  Pointof  divergenceof  lUe  .plinchno-      forward,    and  SOon  lose 

their  cavities,  which  at 
first  communicated  with  those  of  the  ventricles. 

Middle  Cerebral  Vesicle. — By  the  cranial  flexure  ihe  brain  is 
bent  at  the  junction  of  the  first  and  second  cerebral  vesicles ; 
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the  first  is  thus  turned  downward,  leaving  the  second  as  the  most 
anterior  part  of  the  brain. 

The  upper  walls  of  the  middle  cerebral  vesicle  are  developed 
into  the  corpora  quadrigemina. 

The  cavity  of  this  vesicle  persists  as  a  narrow  channel,  forming 
a  communication  between  the  third  ventricle  in  front  and  the 
fourth  ventricle  behind,  and  receives  the  name  in  the  adult  brain 
of  the  iter  a  tertio  ad  quartum  ventriculum.  The  crura  cerebri 
arise  from  the  lower  wall  of  this  middle  vesicle. 

Posterior  Cerebral  Vesicle. — This  is  divided  into  an  anterior  and 
a  posterior  part.  From  the  roof  of  the  anterior  division  arises 
the  cerebellum,  and  from  its  floor  the  pons  Varolii. 

The  posterior  division  gives  rise  to  the  medulla  oblongata. 

The  cavity  of  this  vesicle  is  called  the  fourth  ventricle.  It  is 
continuous  with  the  central  canal  of  the  spinal  cord.  Its  upper 
wall  is  thinned  and  forms  the  valve  of  Vieussens.  It  communi- 
cates with  the  subarachnoid  space  through  the  foramen  of 
Magendie. 

THE  ALIMENTARY  CANAL  AND  ITS  APPENDAGES. 

When  the  blastoderm  is  bent  at  its  anterior  extremity  to  form 
the  cephalic  fold,  it  closes  and  forms  the  anterior  boundary  of  a 
short  canal,  the  upper  wall  of  which  is  formed  by  the  general 
blastoderm,  and  the  lower  by  that  part  of  the  splanchnopleure 
which  runs  backward,  leaving  the  somatopleure  to  form  the 
pleuroperitoneal  space.  It  then  turns  forward  to  meet  the 
uncleft  mesoblast,  forming  the  wall  of  the  yolk  sac,  which  com- 
municates freely  with  this  rudimentary  part  of  the  alimentary 
tract. 

This  canal  becomes  closed  in  for  a  considerable  extent,  and  is 
called  iYi^fore  gut.  It  is  the  precursor  of  the  pharynx,  the  lungs, 
the  oesophagus,  the  stomach,  and  the  duodenum.  The  mouth, 
which  at  this  period  is  unformed,  is  developed  later  by  an  invo- 
lution of  the  epiblast  and  the  removal  of  the  tissue  between  the 
fore  gut  and  the  buccal  cavity. 

The  tail  fold,  in  a  somewhat  similar  manner,  shuts  off  a  canal 
called  the  himi gut,  which  becomes  developed  into  the  posterior 
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part  of  the  alimentary  canai.  This  hind  gut,  until  the  further 
develoiiment  of  the  bladder,  etc.,  is  in  connection  with  the  allan- 
lois,  which  arises  a^a  Ijiid  from  (he  lower  jjart  of  the  rudimentary 
hind  gut. 

Between  these  two  canals  an  intermediate  one  is  formed  by  the 
splanchnopleiire,  which,  at  a  distance  from  its  origin,  becomes 
constricted,  and  shuts  off  an  upper  canal,  the  mid-pit,  from  the 


canal  of  an  imbrjn  while  ih*  nidimeocry  m.d-giit  )i  silll 
yolk  «.c.    {iailil>er.  <^Ur  Biuioff.) 


/.  Divtrlitula  of  ihc  liver. 

g.  Menibnnc  torn  from  Ihc  yolk  lac. 

k.  Hind-gill. 

lower  larger  yolk  sac,  the  connection  between  the  two  forming 
the  ductus  viffllo-inieslina/is. 

Thus  the  primitive  alimentary  canal  consists  of  an  anterior 
and  a  posterior  blind  canal,  which  are  closed  below,  and  a  third 
intermediate  lietween  these,  which  0|>ens  at  its  lower  surface  into 
the  yolk  sac. 

As  the  i^lacental  circulation  becomes  more  developed,  the 
yolk  sac  shrinks  and  atrophies,  until  it  is  represented  by  a  fold 
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of  tissue  connected  with  the  primitive  intestine.  The  ductus 
vitclio-intestinalis  accordingly  l>ecome>  obliterated,  and  thus  the 
mid-gut  is  closed  at  its  lower  aspect. 

The  primitive  intestine  placed  at  the  inferior  aspect  of  the 
embryo,  just  below  the  protovertebrae,  is  lined  by  hypoblast  and 
covered  by  mesoblast.  The  cephalic  or  anterior  extremity  of 
the  canal  is  formed  by  flncleft  mesoblast ;  the  rest  of  the  canal 
is  formed  by  the  splanchno pleural  layer. 

A  dilatation  of  a  i)art  of  the  fore  gut  gives  origin  to  the  primi- 
tive stomach;  this  is  quite  straight  at  first,  lying  below  the 
vertebral  column,  with  which  it  is  connected  by  mesoblast.  After 
a  time  the  stomach  becomes  turned  to  the  right  side,  so  that  the 
left  surface  of  the  organ  lies  anteriorly  and  the  right  posteriorly, 
the  mesoblast  connecting  it  with  the  vertebral  column,  being  de- 
veloped into  the  peritoneal  processes  of  the  organ. 

The  lower  part  of  the  fore  gut  is  of  much  smaller  calibre  than 
the  dilated    portion    forming    the 
Fic.»93.  Stomach;  it becomesthe duodenum, 

in  connection  with  which  arise  two 
Important  viscera,  the  liver  and  the 
pancreas.  Themid-gutandhindgut 
form  the  small  and  large  intestines, 
these  being  at  first  one  straight  tube, 
of  which  the  small  intestine  has  the 
larger  calibre.    The  small  intestine, 
as  it  grows,  falls  into  folds,  and  the 
mesoblast  connecting  it  to  the  verte- 
bral columns  forms  the  mesentery. 
The  large  intestine  is  at  first  a 
D»gn.».  of  th.  .iim«,»,y  anal  of     Straight  tube  lying  to  the  left  of  the 
Mrffla'/ii'^ ^«^ c^« }"^"'      embryo;  it  becomes  bent.and  part 
*si™'ch'"'/"Li™r  "T  p"nc«af '     °^  *^^  '"^  '^  directed  toward  the 
right   side;    this  develops  another 
flexure,  the  portion  of  intestine  below  which  grows  downward. 
That  part  remaining  on  the  left  side  forms  the  rectum,  the  sig- 
moid flexure,  and  the  descending  colon  ;  while  that  between  the 
flexures  becomes  the  transverse  colon,  and  that  on  the  right  side 
the  ascending  colon. 
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The  caecum  is  develoijed  from  the  ascending  colon,  the  ileo- 
caecal  valve  shutting  off  one  part  of  the  intestinal  canal  from  the 
other.  The  vermiform  appendix  originates  from  the  inferior 
extremity  of  the  caecum,  which,  owing  to  its  feeble  growth,  is  of 
much  smaller  calibre  than  the  upper  part. 

The  epithelial  lining  of  the  intestines  is  derived  from  the 
hypoblast,  and  the  muscular,  vascular*  connective  tissue  and 
serous  coverings  are  mesoblastic  in  their  origin. 

The  liver  is  developed  from  two  diverticula  of  the  duodenum, 
in  connection  with  which  arise  cylinders  of  cells.  The  hypoblast 
develops  into  the  liver  cells  and  the  cells  lining  the  ducts,  the 
mesoblast  furnishing  the  vascular  and  connective  tissue  parts  of 
the  organ.  The  two  diverticula  are  connected  by  a  transverse 
piece,  and  form  the  right  and  left  lobes  of  the  liver. 

The  process  connecting  the  liver  to  the  duodenum  forms  the 
common  bile  duct,  and  from  this  the  gall  bladder  is  developed 
as  an  outgrowth. 

The  vessels  of  the  embryo,  which  are  in  relation  to  the  liver, 
will  be  described  under  the  vascular  system. 

The  pancreas  arises  as  an  outgrowth  from  the  duodenum,  its 
constituent  parts  originating  in  a  manner  similar  to  those  of  the 
liver. 

The  spleen  is  derived  from  the  mesoblast,  and  is  develoi:)ed  in 
one  of  the  peritoneal  processes  of  the  stomach. 

The  lungs  are  develoi)ed  in  connection  with  the  oesophagus, 
of  which  they  are  early  outgrowths. 

The  canal  of  the  fore  gut  at  a  certain  point  becomes  laterally 
constricted,  its  transverse  section  presenting  an  hour-glass  shape, 
consisting  of  an  upper  and  lower  dilated  portion,  united  by  a 
central  constricted  neck.  The  lower  of  these  cavities  becomes 
subdivided  by  the  outgrowth  of  the  lateral  portions  and  the 
upgrowth  of  a  part  of  the  lower  wall  which  forms  a  central  sep- 
tum, so  that  the  fore  gut  is  composed  of  an  up\yeT  undivided 
tube,  giving  off  two  appendages. 

These  appendages  consist  of  hypoblastic  tissue,  and  as  they 
grow  into  the  surrounding  mesoblast  they  divide  and  subdivide, 
until  at  last  they  consist  of  very  minute  lobules,  which  terminate 
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in  dilated  extremities.  The  undivided  canal  forms  the  i>erma- 
menl  trachea,  the  appendages  the  main  bronchi,  while  their 
minute  subdivisions  are  the  bronchioles,  which  terminate  in  the 
dilated  alveoli. 

The  hypoblast  forms  the  delicate  lining  membrane  of  the  air 
passages,  and  the  mesoblast  gives  rise  to  the  supporting  tissue 
holding  them  together,  to  the  blood  vessels,  the  muscular,  carti- 
laginous and  connective  tissue  of  the  bronchial  tubes. 

The  pleurse  surrounding  the  lungs  are,  like  the  other  serous 
membranes,  mesoblastic  in  their  origin. 

GENITOURINARY  APPARATUS. 

In  the  interval  l>etween  the  protovertebrK  and  the  cleavage  of 
the  mesoblast  into  its  somatopleural  and  splanch  no  pleural  layers, 
a  mass  of  cells  arranges  itself  into  a  lonfiitudinal  ridge.  This 
ridge,  which  lies  beneath  the  epiblast,  becomes  hollow,  and  thus 
a  tube  is  produced,  called  the  IVolffian  duel. 

From  this  tube  diverticula  arise,  which  extend  into  the  sur- 


mr.  Medullary  canal,  it.  Epibtail,  ■»*.  Cavilyof  proloverKbra  ■>»'.  ami.  Wolffiin  duel. 
H>.  McsohtaMtlividlnK.  A/>/.  Somalaplcuie.  ^.  SpbiKhiiapkun.  i>.  Pleurapetitonul 
carily.    dd.  Hypohlasl.    ch.  Nutochord. 

rounding  mesoblast ;  they  are  tubular,  and  communicate  with  the 
central  duct.  The  processes  become  twisted,  and  at  their  extrem- 
ities the  neighboring  mesoblast  undergoes  differentiation,  and 
forms  vascular  ca]>sules  corres|>onding  in  structure  to  the  Mal- 
pighian  ctiriiuscles.  This  jwirt  of  the  Wolffian  duct,  which  has 
acc[uired  a  glandular  structure,  is  the  Wolffian  body  ox  primitive 
kidney  of  the  embryo,  while  the  Wolffian  duct  corres|xinds  to 
the  primitive  ureter. 
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The  epithelium  lining  the  interval  between  the  somatopleure 
and  splanchnopleiire  (pi  euro  peritoneal  cavity)  Iwcomes  columnar 
in  character  close  to  their  origin  from  the  uncleft  mesoblast.  It 
receives  the  name  of  the  germinal  epithelium.  An  involution  of 
this  takes  place  into  the  mesoblast,  just  below  the  somatopleure, 
and  becomes  shut  off,  forming  a  hollow  cylinder. 


L.   Somalap 


«  of'Miilkr  1. 


By  this  means  a  second  duct  is  formed  in  close  relation  to  the 
first;  this  is  the  Miillerian  duct.  This-duct  is  developed  from 
before  backward. 

According  as  the  emljryo  is  a  male  or  a  female,  so  one  or  other 
of  these  ducts  deveioijs.  In  the  male  the  Wolffian  duct  remains 
as  the  vas  deferens,  and  the  Miillerian  duct  becomes  atrophied. 
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In  the  female,  on  the  other  hand,  the  Miillerian  duct  forms  the 
organs  for  the  conveyance  of  the  ova  out  of  the  body,  and  the 
Wolffian  duct  is  represented  by  a  rudimentary  structure  near  the 
ovary. 
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Part,  however,  of  the  Wolffian  duel  in  both  sexes  develops 
similarly ;  this,  ihe  mrlantphroi,  corresponds  to  that  part  of  the 
duct  nearest  to  the  tail  end  of  the  embryo.  It  forms  part  of  the 
urinary  organs,  and  develo]>s  into  the  i)ermanent  ureter  and  the 
kidney. 
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From  the  metanephros  a  projection  arises,  which  grows  quickly 
and  opens  into  the  cloaca ;  this  remains  as  the  ureter.  From  the 
upper  part  of  the  ureter  arise  small  caecal  evolutions,  which 
become  convoluted  at  certain  points  and  surrounded  by  mesoblast ; 
these  canals  are  the  urinary  tubules,  and  at  the  extremity  of 
each  is  developed  a  tuft  of  _ 

vessels,  which  thus  forms  a 
Malpighian  corpuscle. 

The  straight  tubes  group 
themselves  together  at  the 
inner  part  of  the  gland, 
while  the  convoluted  tu- 
bules, with  the  Malpighian 
corpuscles,  are  aggregated 
at  the  periphery  of  the 
gland. 

At  the  junction  of  the 
ureter  to  the  glandular 
mass,  changes  take  place 
by  which  this  tube  is  split 
up  into  several  subdivi- 
sions, which  are  the  primi- 
tive calices  of  the  kidney, 
the  dilated  part  of  the 
ureter  forming  the  pelvis. 

The  testicle  arises  partly 
from  the  germinal  epithe- 
lium lining  the  inner  ex- 
tremity of  the  pleuroperi- 
toneal  cavity,  lying  close 
to  the  splanchnopleure,  vMcmosi. 
and  partly  from,  the  mesoblast  surrounding  the  Wolffian  body. 

The  germinal  epithelium,  the  cells  of- which  are  not  so  well 
developed  as  in  the  female,  sends  processes  into  the  mesoblast, 
and  these  are  said  to  form  the  sjcrmatic  cells,  the  mesoblast 
becoming  differentiated  around  them  to  form  the  walls  of  the 
tubuli  seminiferi. 


1.  Vntcr  4.  Bladder. 
^lillaL  card.  of.  V"- 
ir  duel.    Kf.  Uiogtnli 
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The  Wolffian  duct,  which  persists  as  the  vas  deferens,  aids  in 
forming  ihe  testicle,  the  epididymis  being  merely  a  convoluted 
part  of  it,  and  the  vas  aberrans  one  of  the  ctecal  tubes  in  con- 
nection with  the  duct.  The  coni  vasculosi  are  thought  to  be 
formed  from  some  of  the  tubules  of  the  Wolffian  body  ;  they  are 
connected  to  the  testicle  by  means  of  a  tube  which  is  split  up 
into  a  numl>er  of  divisions  forming  the  vasa  efferentia. 


■pro«hlt.  '  JiTor*, 


The  Wolffian  duct  forms,  beside  the  vas  deferens,  the  vesicula 
seminalis  (which  is  merely  a  blind  diverticulum  from  its  ex- 
tremity), and  terminates  in  the  ejaculatory  duct. 

The  two  Milllcrian  ducts,  in  the  male,  join  and  form  a  single 
lul>e  ;  this  is  not  further  develoj^d,  but  atrophies,  leaving  as  its 
representative  the  sinus  jwcularis,  which  is  situated  in  the  floor 
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of  the  prostate.     The  upper  extremities  of  the  Miillerian  ducts 
form  the  hydatids  of  Morgagni. 

The  ovary,  like  the  testicle,  is  formed  from  the  germinal  epi- 
thelium, which  multiplies  and  forms  a  projection  close  to  the 
Wolffian  body.  The  cells  of  the  epithelium  become  involuted  and 
surrounded  by  the  uncleft  mesoblast,  to  form  ova  and  Graafian 
follicles.  The  glandular  part  of  the  ovary  thus  arises  from  the 
germinal  epithelium,  and  its  stroma  springs  from  the  mesoblast 
in  the  neighborhood  of  the  Wolffian  body. 

Fig  299. 


Diagram  of  the  sexual  organs  of  a  female  embryo.     {Alien  TA^mson.) 

f.  Fimbriated  extremity  of  the  left  Fallopian  tube.  W.  Remains  of  the  Wolffian  tubes,  g. 
Round  ligameots.  o.  Ovary,  po.  Parovarium,  u.  Uterus.  dG.  Remains  of  the  Wolf- 
fian duct^  or  duct  of  Gaertner.  m.  Right  Fallopian  tube  cut  short,  iv.  Right  obliterated 
Wolffian  duct.  va.  Vagina.  3.  Ureter.  4.  Bladder.  5.  Urachus.  h.  Inferior  opening 
of  vagina.  C.  Gland  of  Bartholin.  ;\  Vulva,  sc.  Vascular  bulb.  cc.  Clitoris,  n. 
Nympha.    /.  Labium,     i.  Rectum. 


The  ducts  of  Miiller  are  the  precursors  of  the  female  genital 
passages.  They  approach  one  another  and  unite  along  a  certain 
distance  at  their  lower  extremities.  Of  this  united  part,  the 
upper  end  forms  the  uterus,  and  the  lower  the  vagina,  while  the 
ununited  parts  of  the  Miillerian  ducts  form  the  Fallopian  tubes, 
which  become  connected  with  the  ovaries,  while  their  cavities 
remain  continuous  with  the  pleuroperitoneal  space. 

In  the  female,  the  Wolffian  duct  and  body  atrophy,  the  paro- 
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variiim  being  in  the  adult  the  representative  of  the  Wolffian 
body. 

The  bladder  is  merely  a  dilated  portion  of  that  part  of  the 
allantois  which  is  in  immediate  connection  with  the  alimentary 
canal,  and  the  urachus  is  the  narrowed  part  of  the  allantois 
connecting  the  bladder  to  the  remainder  of  the  allantois  which 
is  without  the  body  walls  of  the  foetus. 

While  the  alimentary  canal  is  in  connection  with  the  allantois, 
the  intestinal  and  gen i to-urinary  passages  open  into  a  common 
cavity  at  their  termination ;  this  is  the  cloaca^  and  it  is  in  the 
further  development  of  the  embryo  that  a  septum  arises,  dividing 
this  into  an  alimentary  or  anal  portion,  and  an  anterior  or  urinary 
portion.  The  septum,  dividing  the  urogenitary  from  the  alimen- 
tary portion  of  the  cloaca,  forms,  externally,  the  perinaeum. 

At  the  aperture  of  the  cloaca  an  eminence  arises  which  de- 
velops into  the  penis  in  the  male,  the  clitoris  in  the  female. 
Around  this  eminence  is  a  fold  of  integuments,  which  forms  the 
labia  in  the  female,  the  scrotum  in  the  male. 

In  the  female  this  integumentary  covering  enlarges  much  more 
than  the  clitoris  and  covers  it  in,  the  urethral  orifice  opening 
just  below  the  clitoris. 

In  the  male,  the  urethral  orifice  at  first  opens  at  the  base  of  the 

penis,  but  eventually  a  groove  is  formed  on  the  under  surface  of 

this  organ,  which  becomes  converted  into  a  canal,  and  forms  the 

urethra. 

BLOOD- VASCULAR  SYSTEM. 

In  the  mammalian  embryo  this  may  be  appropriately  divided 
into  two  systems  of  different  dates;  the  first,  or  early  circulation, 
which  is  confined  to  the  yolk  sac  ;  and  the  second,  or  later  cir- 
culation, which  passes  through  the  placenta. 

The  Primitive  Heart  arises  from  the  splanchnopleural  layer  of 
the  mesoblast,  just  at  the  point  where  this  forms  the  under  wall 
of  the  fore  part  of  the  alimentary  canal.  When  the  formation 
of  the  folds  of  the  embryo  was  described,  it  was  stated  that  the 
groove  of  the  cephalic  fold  tended  to  grow  backward  toward  the 
tail  end  of  the  embryo.  This  groove  is  limited  behind  "by  the 
somatopleural  layer  of  the  mesoblast,  and  posteriorly  to  this  is 
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a  cavity  formed  by  the  cleavage  of  the  mesoblast,  called  the 
pleuroperitoneal  cavity.  In  the  early  stages  of  development,  the 
posterior  wall  of  this  sinall  cavity  is  formed  by  ihe  siilanchno- 
pleiiral  layer  of  the  mesoblast.  The  heart  arises  at  the  point  at 
which  the  splanchnopleure  tends  to  travel  forward  to  meet  the 
iincleft    mesoblast,   and    thus    completes  the   pleuroperitoneal 

The  heart  consists  at  first  ot  a  single  cylinder,  which  in  the 
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human  embryo  is  probably  formed  by  the  coalescence  of  two 
primary  tubes.  At  first  it  has  no  distinct  cavity,  but  soon  the 
cells  of  the  mesoblast  within  the  mass  forming  the  heart  become 
transformed  into  blood  corpuscles,  and  thus  it  is  hollowed  out. 
A  layer  of  endothelial  cells  line  the  cavity,  and  become  the 
endocardium. 

The  primitive  heart  is  connected  at  its  upper  end  with  the 
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two  aorta:,  and  at  its  lower  end  with  the  om|)halo- mesenteric 
veins. 

After  a  lime  the  tube  shows  signs  of  division  into  three  parts ; 
the  upper  part  becomes  (he  aortic  bulb,  next  to  which  is  formed 
the  cavity  of  the  ventricle,  continuous  with  which  is  the  auricu- 
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lar  space.  The  tube  also,  which  at  first  lies  in  a  straight  line, 
now  becomes  twisted  on  itself,  the  auricular  part  becoming 
posterior  and  superior,  while  the  ventricle,  with  the  aortic  bulb, 
remains  anterior  and  somewhat  below. 
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Each  primitive  cavity  of  the  heart  is  divided  into  two  by  the 
gradual  growth  of  partitions,  and  thus  the  four  permanent  heart 
cavities  are  develojxid. 

Externally  a  notch  shows  the  division  of  the  ventricle  into 
right  and  left  cavities,  while  from  the  inside  of  the  right  wall 
there  grows  a  projection  which  subdivides  the  ventricle  internally. 
This  septum  is,  however,  not  at  once  complete  at  its  upper  part, 
a  communication  between  the  right  and  left  sides  of  the  heart 
remaining  for  some  time  above  this  partition.  With  the  growth 
of  the  inter-ventricular  septum,  the'  external  notch  becomes  less 
prominent,  but  is  permanently  recognizable  as  the  inter-ventri- 
cular groove. 

In  the  auricles  a  fold  develops  from  the  anterior  wall,  which 
ultimately  unites  with  a  process  of  later  development  from  the 
posterior  wall.  This  septum  is  not  complete  during  foetal  life, 
but  is  interrupted  by  an  opening  leading  from  one  auricle  to  the 
other,  called  the  foramen  ovale. 

Simultaneously  with  the  appearance  of  the  posterior  process 
of  the  septum,  another  fold  arises,  which  is  placed  at  the  mouth 
of  the  inferior  vena  cava,  and  forms  the  Eustachian  valve. 

The  aortic  bulb  likewise,  by  a  projection  from  the  inner  wall 
of  the  cavity,  becomes  divided  into  two  canals,  the  anterior  of 
which  remains  in  continuity  with  the  right  ventricle,  while  the 
posterior  is  continuous  with  the  left  ventricle.  The  anterior  thus 
becomes  the  pulmonary  artery,  and  the  posterior  the  permanent 
aorta. 

The  primitive  circulations  of  a  human  embryo  may  be  divided 
into  two,  which  differ  in  their  time  of  appearance  and  in  the 
accessory  organs  to  which  they  are  distributed.  Though  they 
may,  for  the  sake  of  clearness,  be  described  as  two  independent 
circulations,  they  are  not  strictly  so,  as  they  exist  for  a  short 
time  coincidently,  and  arise  in  connection  with  one  another  from 
the  same  heart. 

{a)  The  earlier  or  vitelline  circulation  is  that  which  is  directed 
to  the  yolk  sac,  the  embryo  obtaining  nourishment  from  the 
vitellus  or  yolk ;  this  is  an  organ  of  quite  secondary  importance 
in  the  mammalian  embryo,  and  hence  this  circulation  may  be 
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better  studied  in  some  such  animal  as  the  chick,  which  depends, 
throughout  its  embryonic  life,  on  the  vitelhis  for  nourishment. 
In  the  human  embryo  the  vitelline  circulation  is  chiefly  of  im- 
portance for  the  few  days  immediately  preceding  the  develop- 
ment of  the  placental  circulation. 

The  aortic  bulb  is  continuous  with  two  vessels  which  run  on 


phalo-BHiKnteHc  vein.  i'.  UmhlHul  vaicle.  vt  Panmycin  L.  LIvir.  HI  Unbllkal 
■Tteri«.  ■'ii".  Their  endiiig<  in  rhcplinnla.  b'  Umbilical  vein.  /^.  Duclui  veD«u<. 
T.A.  Hepallc  vein.  1%.  InhFwi  vciui  ova.  W/.  Uiac  veins,  oi.  Veiu  aiygiH.  or,  Pos- 
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either  side  of  the  primitive  pharynx ;  these  are  the  aortfe,  and 
from  each  of  them  a  large  branch  is  given  off.  These  omphalo- 
mesenteric arteries  pass  to  the  yolk  .sac,  and  there  become  split 
up  into  a  number  of  small  vessels,  the  blood  from  them  Iwing 
returned  partly  by  corresponding  omphalo-mesenteric  veins, 
partly  by  a  large  vein  nmning  round  the  periphery  of  the  vas- 
60 
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cular  area  known  as  the  sinus  terminalis.  The  sinus  terminal  is 
opens  partly  into  the  right  and  partly  into  the  left  omphalo- 
mesenteric veins,  which  subsequently  unite  into  a  common  venous 
trunk,  called  the  sinus  venosus,  which  is  continuous  with  the 
primitive  auricle. 

This  vitelline  circulation  in  the  human  embryo  persists  but  a 
short  time.  After  the  fifth  or  sixth  week  of  foetal  life  it  becomes 
obliterated,  the  yolk  then  being  atrophied,  and  the  placental  cir- 
culation well  developed. 

(b)  The  later  or  placental  circulation  is  developed  in  the  meso- 
blastic  layer  of  the  allantois,  especially  in  that  part  which  is  in 
relation  with  the  decidua  serotina.  The  allantois,  when  fully 
developed,  extends  to  the  chorion,  over  which  it  spreads,  sending 
in  processes  to  occupy  the  villi.  These  chorionic  villi  are  em- 
bedded in  the  decidua  of  the  uterus,  and  are  especially  developed 
at  the  upper  part,  which  is  in  connection  with  the  decidua  sero- 
tina or  maternal  placenta. 

The  primitive  aortae,  which  were  at  first  two  separate  tubes, 
become  united  in  the  dorsal  region  of  the  embryo,  so  that  the 
two  aortic  arches  end  in  a  single  ve^el,  which  extends  to  the 
middle  of  the  embryo,  and  there  divides  into  two  branches, 
each  of  which  gives  off  a  vessel  called  the  vitelline  or  omphalo- 
mesenteric artery. 

From  the  branches  of  the  aortae  arise  two  large  vessels,  which, 
running  along  the  allantois,  spread  out  over  the  chorion,  being 
especially  directed  to  the  upper  part  of  this  membrane ;  these 
are  the  umbilical  or  hypogastric  arteries,  which  carry  the  blood 
from  the  aortae  to  the  fuetal  placenta. 

Veins  arise  from  the  terminal  networks  of  these  arteries,  and 
combine  to  form  the  two  umbilical  veins.  The  umbilical  veins 
take  a  similar  course  to  the  arteries,  and  convey  the  blood  to  the 
venous  trunk  formed  by  the  junction  of  the  omphalo-mesenteric 
veins. 

After  a  time  the  right  umbilical  and  right  omphalo-mesenteric 
veins  disappear,  while  from  the  trunk  formed  by  the  junction  of 
the  left  umbilical  and  left  omphalo-mesenteric  veins,  branches 
are  given  off  to  the  liver  (vence  adtfehentes),  and  at  a  point 
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nearer  the  heart,  vessels  are  received  from  the  liver  {vents 
rei'ehenies). 

To  the  part  of  the  vessel  intervening  between  the  origin  of  the 
venjE  advehentes  and  the  entrance  of  the  vens  revehentes  is 
given  the  name  of  the  ductus  venosus. 

Thus  it  may  be  seen  that  in  the  placental  circulation  the 
blood  is  conveyed  from  the  aorta,  by  the  umbilical  arteries,  to 
the  fatal  placenta,  undergoes  changes,  owing  to  its  close  relation- 


// 
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ship  to  the  maternal  blood.  From  the  placenta  it  is  returned 
by  the  umbilical  vein,  which  sends  a  part  through  the  liver  and 
a  part  direct  to  the  heart.  The  more  minute  details  of  fcetal 
circulation  will  be  described  later  on. 

The  Arterial  System. — Around  the  pharynx  are  developed  five 
pairs  of  aortic  arches.  'ITiese  commence  anteriorly  from  the  two 
primitive  aortfe,  and,  passing  along  the  side  of  the  pharynx,  end 
in  the  aortie  as  they  descend  to  become  united  in  the  dorsal 
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region  of  the  embryo.     The  points  of  origin  of  the  arches  are 

termed  their  anterior  roots,  and  the  points  of  termination  their 

posterior  roots, 

Thoueh  all  these  arches  do 
Fia.  J07.  ... 

not  exist  at    the  same  time, 

slill,  in  describing  the  vesseb 
which  arise  from  them,  they 
may  be  conveniently  consid- 
ered together. 

On  the  right  side  the  fifth 
arch  disappears    completely. 
On  the  left  side  the  anterioc 
,  root  and  neighboring  part  of 

the  fifth  arch  are  transformed 
into  the  pulmonary  artery; 
the  remaining  part  of  this 
arch  continues  as  the  ductus 
arteriosus,  which  connects  the 
pulmonary  artery  with  the 
permanent  aorta. 

Diajramofiheaoniearchn;  ih=i«nn.ii=iit         The   fourth    left    arch,    in 
(^SlS^TV^iI-.V'''"'^''**'')'''' '''''''''      mammalia,  becomes  the  per- 

i,s,_|j.4,s-  Priniiiivi  Boriie  irchei  of  right  tnancnt  aortB.  At  the  jimc- 
tion  of  the  fourth  and  fifth  left 
posterior  roots  the  left  sub- 
clavian artery  is  given  off. 


Temionship  of  ihc  ■ 


Right  and  left  v^ 


r.  Comtnon  , 


birds  the  right  fourth  arch  is 
transformed  into  the  perma- 


f.  Right     nent  aorta;  and  in  examining 

the  development  of  the  aortic 

arch  of  the  chick,  it  must  be  borne  in  mind  that  it  is  on  the 


opposite  side  to  that  it  < 
On  the  right  side  the 
part  of_  the  aortic  trunk  leadi 


pies  in  man. 

■rior  root  of  the  fourth  arch,  and  the 

Jing  to  it,  persist  as  the  innominate 

artery,  the  fourth  arch  being  represented  by  the  right  subclavian 

The  part  of  the  primitive  aortic  trunk  joining  the  fourth  and 
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third  right  anterior  roots 
becomes  the  common  caro- 
tid artery  of  (he  same  side, 
while  arising  from  this 
is  the  internal  carotid, 
which,  taking  the  position 
of  the  third  arch,  passes  to 
the  posterior  roots,  and 
occupies  the  trunk  of  the 
primitive  aorta  from  the 
third  to  the  first  arches. 
.  The  external  carotid, 
arising  from  the  common 
carotid  at  the  third  an- 
terior root,  occupies  the 
position  of  the  vessel  join- 
ing this  root  to  those  of 
the  second  and  first  arch. 
On  the  left  side  the 
common  carotid  and  its 
branches  are  developed 
similarly  to  those  on  the 
right,  the  only  difference 
being  that  the  common 
carotid  arises  from  the 
aorta  and   not  from   the 


The  iliac  arteries  are  ^.  ph„  ^  pri«ip,i  „i„,  of  .he  teiu.  of  aboui  four 
developed  from  the  hypo-  *',t3.'''J'.  v^Jn.''«ft«''fho''««bii>hm«t  TaI 
gastric.  At  first  they  ap-  E.'J^"^^^""'"™'  ^-  ""='"  *^  *"  """■ "  ""' 
pear  as  branches,  but  with>-^P'™'v;^"j;«^S"'  JTkr-ltr-.^t^  f^'S^.l 
the  growth  of  the  limbs  rvi^ilSr™!:-  ""E";::!,.nii«  ^inw!  Rthi 

they     become      so     much    I'i''"j™,niMiMhmtal""fti™VM«advehen™^ 

larger    that     after    birth  «•- Mmmwric  wiio.  ■>.  A^Eoivcin.  n'.Kcm^n* 

°  of  left  caidlnil  vein.    U.  Crou   branch    from    Iclt 

they    appear    to    be    the  jiv'"-  ."!!.'=''.  !«"««•,  >^   left  hraqhip-«phiiiie 

'        '  '  vein.    PI.   Righi   innamlnuc   vein.    u.  SubclnvuB 

main  branches  from  the   •"'"*■  ».  Hrpemancnim.   «.  Divi.ion  of  inferior 
point  of  division  of  the 
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aorta,  the  hypogastric  arteries  now  being  merely  small  branches 
of  the  iliac  vessels. 

With  the  development  of  the  organs  and  limbs,  vessels  in  con- 
nection with  those  above  described  arise  in  the  mesoblast.  It  is, 
however,  beyond  the  scope  of  this  work  to  describe  in  detail  the 
origin  of  the  lesser  vessels. 

Venous  System. — The  blood  is  returned  from  the  head  by  the 
two  primitive  jugulars,  which  unite  with  the  cardinal  veins  con- 
veying the  blood  from  the  trunk  and  lower  extremities  to  form  a 
vessel  on  each  side,  called  the  duct  of  Cuvier. 

From  the  lower  extremity  of  the  embryo  the  inferior  vena  cava 
commences  by  the  union  of  the  external  iliac  veins ;  this  passes 
up  and  opens  into  the  venous  trunk  common  to  the  left  vitelline 
and  left  umbilical  veins. 

The  left  vitelline  becomes  continuous  with  the  vessels  from  the 
common  trunk  going  to  the  right  side  of  the  liver  (the  right  vena 
advehens),  and  forms  the  main  trunk  of  the  portal  vein  (Fig. 
308,  B.  and  D.). 

At  this  stage  of  the  formation  of  the  veins  there  are  three 
trunks  opening  into  the  auricle,  the  right  and  left  ducts  of 
Cuvier  and  the  inferior  vena  cava. 

As  development  proceeds,  the  lower  parts  of  the  cardinal  veins 
join  the  external  iliac  veins,  forming  the  common  iliacs,  and  so 
return  their  blood  into  the  inferior  vena  cava. 

The  upper  parts  of  the  cardinal  veins  become  continuous  with 
the  posterior  vertebral  veins  which  convey  the  blood  from  the 
parietes  of  the  embryo.  Between  the  latter  a  communicating 
branch  is  established,  which  helps  in  the  formation  of  the  azygos 
vein. 

The  ducts  of  Cuvier,  which  at  first  were  placed  almost  at  right 
angles  to  the  auricle,  become  more  oblique  in  their  direction  as 
the  heart  de.scends. 

Between  the  primitive  jugular  veins  a  cross  branch  is  develoj^ed, 
which  conveys  the  blood  from  the  left  side  of  the  head  and  upper 
extremity  of  the  duct  of  Cuvier  of  the  opposite  side. 

The  left  duct  of  Cuvier,  below  the  communicating  branch, 
atrophies  and  forms  part  of  the  coronary  veins  of   the  heart. 
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The  connection  between  this  and  the  vein  above  the  cross  branch 
being,  in  the  adult,  represented  by  a.  small  vein,  or  a  band  of 
fibrous  tissue,  called  the  vestigial  fold  of  the  pericardium. 

The  cross  branch  from  the  left  to  the  right  jugular  becomes 


ic  circulation  ihrough  the  h< 
.    Ductus   venous.     /    PorU 


the  left  innominate  vein.  The  right  duct  of  Cuvier  and  the 
right  jugular,  below  the  entrance  of  this  cross  branch,  form  the 
superior  vena  cava ;  while  the  part  of  the  right  primitive  jugular 
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immediately  above  the  entry  of  the  left  innominate  vein  forms 
the  right  innominate  vein. 

The  posterior  vertebral  vein  of  the  right  side  forms  the  vena 
azygos  major;  the  corresponding  branch  of  the  opposite  side, 
together  with  the  part  of  the  left  primitive  jugular  below  the 
cross  branch,  forms  the  left  superior  intercostal  vein  and  the 
superior  vena  azygos  minor.  The  lower  part  of  the  left  posterior 
vertebral  vein,  together  with  the  connecting  branch  to  the  right 
vein,  remain  as  the  inferior  vena  azygos  minor. 

Fecial  Circulation, — ^The  course  taken  by  the  blood  through 
the  heart  and  vessels  of  the  embryo  differs  essentially  from  that 
which  persists  in  adult  life. 

Tracing  the  blood  from  the  placenta,  it  passes  along  the  um- 
bilical vein  toward  the  liver ;  here  it  may  take  either  of  two 
courses  to  reach  the  vena  cava,  one  which  follows  the  ductus 
venosus  and  avoids  the  liver,  the  other  which  passes  by  the  venae 
advehentes  (portal  veins)  to  the  liver,  and  proceeds  by  the  venae 
revehentes  (hepatic  vein*)  to  the  inferior  vena  cava,  which 
receives  all  the  blood  passing  by  both  of  these  channels.  From 
this  the  blood  is  emptied  into  the  right  auricle,  and  hence  is 
guided  by  the  Eustachian  valve  through  the  septum  by  the 
patent  foramen  ovale  to  the  left  auricle.  From  the  left  auricle 
it  passes  to  the  left  ventricle,  which  contracts  and  sends  the  blood 
into  the  aortic  arch,  where  it  is  split  up  into  two  streams,  one  of 
which  passes  into  the  vessels  of  the  head  and  neck,  the  other  by 
the  descending  aorta  to  the  trunk  and  lower  extremities. 

The  blood  from  the  head  and  neck  is  returned  to  the  right 
auricle  by  the  superior  vena  cava.  The  blood  from  this  vein 
passes  through  the  auricle  to  the  right  ventricle,  which  sends  it 
through  the  pulmonary  artery  toward  the  lungs. 

The  pulmonary  artery,  in  the  embryo,  has  one  very  large 
branch,  called  the  ductus  arteriosus,  which  joins  the  aorta  at  a 
point  just  below  the  origin  of  the  vessels  of  the  head  and  neck  ; 
hence  the  main  part  of  the  blood  passing  from  the  right  ventricle 
reaches  the  aorta  by  the  ductus  arteriosus,  and  only  a  very  small 
part  goes  to  the  lungs,  to  be  returned  from  them  by  the  pulmo- 
nary veins  to  the  left  auricle. 
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The  blood  from  the  ductus  arteriosus  blends,  therefore,  with 
that  in  the  aorta  which  is  passing  to  the  viscera  and  lower 
extremities.  The  main  part  of  this  blood  travels  by  two  large 
branches  of  the  aorta  (the  hypogastric  arteries)  to  the  placenta, 
where  it  is  aerated  and  purified,  etc. 

It  is  evident,  if  the  placenta  is  the  great  renovating  organ  of 
the  blood  of  the  foetus,  that  the  blood  in  the  umbilical  vein  is 
the  most  arterial  in  the  fcetal  circulation.  The  blood  in  the 
ascending  vena  cava  and  first  part  of  the  aorta  is  likewise  fairly 
arterial,  but  the  blood  in  the  descending  aorta  is  of  a  mixed 
character,  as  it  contains  blood  which  has  nourished  the  head  and 
neck,  besides  that  which  has  come  from  the  placenta  by  the 
inferior  vena  cava  through  the  right  auricle,  foramen  ovale,  left 
auricle,  and  left  ventricle. 

As  the  foetal  lungs  are  not  called  into  play  until  after  birth, 
but  little  blood  passes  to  them  in  the  foetus;  this  state  of  things 
is,  however,  completely  altered  at  birth,  when  the  lungs  of  the 
child  expand,  the  pulmonary  arteries  "increase  in  size,  and  the 
ductus  arteriosus  dwindles  in  a  corresponding  degree. 

The  liver,  which  in  the  foetus  is  of  relatively  greater  size  than 
in  the  adult,  receives  much  blood  coming  from  the  placenta  to 
the  heart,  and  is  thought  to  contribute  to  it  several  essential 
constituents. 

The  head  and  brain,  which  are  largely  developed  in  the  foetus, 
receive  well  aerated  blood ;  namely,  the  placental  blood  which 
has  passed  through  the  liver,  and,  in  the  inferior  vena  cava,  is 
mixed  with  blood  coming  from  the  lower  limbs.  The  rest  of 
the  foetus  receives  blood  that  is  less  aerated,  as  it  is  mixed  with 
that  which  is  returned  from  the  head  and  neck  to  the  right  side 
of  the  heart,  and  which  is  sent  through  the  ductus  arteriosus  to 
join  the  general  blood  current  in  the  aorta  going  to  the  viscera 
and  lower  extremities. 

DEVELOPMENT  OF  THE  EYE. 

The  optic  vesicles  arise  from  the  anterior  cerebral  vesicle  at  a 
very  early  period,  and  their  cavities  are  continuous  with  that  of 
the  fore-brain.     With  the  development  of  the  rudimentary  cere- 
61 
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bral  hemispheres  the  optic  vesicles  become  displaced  downward, 
and  their  cavities  oiien  into  the  junction  of  the  cavities  of  the 
cerebral  hemispheres,  and  that  of  the  thalaniencephalon,  which 
becomes  the  third  ventricle.  Later,  the  optic  vesicles  open 
directly  into  the  third  ventricle,  and  finally  are  displaced  back- 
ward, and  come  into  connection  with  the  mid-brain. 

The  optic  vesicles  are  at  first  hollow  prolongations,  which  con- 
sist of  an  anterior  dilated  portion,  forming  the  primary  optic 
vesicle,  and  a  posterior  tubular  portion  or  stalk  joining  the 
vesicle  to  the  fore-brain.     This  stalk  forms  the  opiic  nerve. 

As  each  vesicle  grows  forward  toward  the  epiblast  covering  the 

head  of  the  embryo,  the  epiblastic  cells  at  the  spot  overlying  the 

vesicle  become  thickened,  an  involution  of  the  epiblast  takes  place 

toward  the  optic  vesicle,  and  indents  the 

latter,  approximating   its  anterior  to  its 

posterior  wall. 

By  this  means   the  anterior  and  jxk- 

^.     teri or  walls  of  the  primary  optic  vesicle 

come  into  close  contact,  and  the  cavity  of 

the  vesicle  is  obliterated.    The  two  layers 

of  the  vesicle  are  now  cup-shaped,  and 

^      receive  the  name  of  the  secondary  optic 

vesicle  or  the  optic  cap.     This  ultimately 

becomes  the  retina,  and  the  optic  stalk, 

losing  its  cavity,  is  transformed  into  the 

optic  nerve. 

Meanwhile,  the  local  involution  of  the 
„    .      ,      .  .  .    ,  ,      epiblast  over  the  optic  cup,  which  is  the 

Secuon    Ihroiigh  ihc  head  of  a        '^  '  ' 

chickaiihcihird^r.ihow-    rudiment  of  the  crystalline  lens,  becomes 

a.  Epibiui  thickened  ai  c,   gradually  separated     from    the    general 

oftheku.  «.  Opikaiv«i-   epiblast,  and  is  fmally  detached  from  its 

clfc    »^.   Anlwiot   cerebral       '  .  ^        .    .  , 

mick,    p-a.  Poiieriorcere-    point  of  Origin.     It  now  lies  as  a  some- 
what spherical  body  in  the  cavity  of  the 
optic  cup  within    the   superficial  mesoblast,  which  has  closed 
over  it. 

The  secondary  optic  vesicle  grows  (except  at  its  lower  part, 
just  at  the  junction  of  the  optic  stalk)  so  as  to  deepen  the  optic 
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cup,  which  contains  the  rudimentary  lens.  At  the  lower  |>art 
an  interval  is  left,  which  receives  the  name  of  the  choroid  fissure. 
Through  this  gap  in  the  secondary  optic  vesicle  the  mesoblast 


1  tran.ver«  KClion  juH  SIriking  ih 
tt  pasKS  to  lot 
h.  SuperGdat  cpiblut    x.  Pfrint  of  otig 
layer  of  (taeoplic  VHiclc.    ■.  PoitiTic 
Y«rcle.  /  Choroid.1  fiuun.   .,  Opti 
Cavity  of  Ihe  kens. 

enters  and  separates  the  lens  from  the  optic  cup,  forming  the 
vitreous  humor. 

The  mesoblast  surrounding  the  optic  cup  develops  two  cover- 


ings of  the  eye,  an  outer  fibrous  capsule  called  the  sclerotic  coat, 
and  a  vascular  coat,  the  choroid. 

In  front  of  the  lens,  beneath  the  epiblast,  the  mesoblast  forms 
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the  corneal  tissue  proper.     The  epiblast  forms  the  epithelial  or 
conjunctival  covering  of  the  eyeball. 

The  involution  of  mesoblast  through  the  choroidal  fissure, 
which  forms  the  vitreous  humor,  indents  the  optic  stalk,  and 
forms  the  central  artery  of  the  retina.     The  choroidal  fissure  is 

Ftc.313. 


A  fiirtheT  ilage  of  ihc  develupouat  of  the  lens.    {Cajial  ) 
a-  ElDhgalJEtS  «pi(hellal  cells  formlnp  leiti  :  t.  CapHule  ;  r.  OitairtOilK  liuuc  bccominf 
junctivR:  *?,  t.  Two  layers  of  optic  cup  form ing  red na ;  /.  Cell  of  miicoiii  ii»sue  t 


gradually  obliterated,  and  its  position  may  sometimes  be  marked 
by  a  permanent  fissure  in  the  iris  {coloboma  iridis).  The  rudi- 
mentary lens  is  a  spherical  lK>dy,  hollow  in  the  centre,  made  up 
of  an  anterior  and  posterior  wall,  each  of  which  is  formed  of 
columnar  cells.     The  posterior  wall  of  the  lens  increases  greatly 
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in  thickness,and  approaching  theanterior  obliterates  the  original 
cavity  of  the  lens. 

The  cells  forming  this  wall  become  very  much  elongated,  and 
develop  into  long  fibre-like  columnar  cells.  Those  of  the  ante- 
rior walls  from  being  a  columnar,  are  modified  to  a  flattened 
epithelium,  and  finally  become  the  layer  lining  the  anterior  sur- 
face of  the  capsule  of  the  lens.  The  capsule  of  the  lens  has 
been  variously  considered  as  arising  from  the  cells  of  the  lens 
substance,  or  as  originating  from  a  thin  layer  of  mesoblast,  which 
forms  not  only  the  lens  capsule,  but  also  the  hyaloid  membrane, 
which  is  continuous  with  it. 

The  optic  cup  gives  origin  to  the  retina.  The  inner  or  anterior 
layer  of  the  cup  becomes  thickened,  and  from  it  are  differentiated 
the  various  layers  of  the  retina,  except  that  layer  of  pigment 
cells  which  lies  next  to  the  choroid.  The  posterior  layer  develops 
this  layer  of  pigment  cells,  which,  from  their  intimate  connec- 
tion to  the  choroid,  were  formerly  considered  as  part  of  that 
membrane. 

The  thickening  of  the  inner  or  anterior  layer  of  the  optic  cup 
ceases  at  the  ora  serrata.  The  outer  layer  with  its  contiguous 
choroid  is  thrown  into  a  number  of  folds — the  ciliary  processes — 
and  passing  in  front  of  the  lens,  helps  to  form  the  iris. 

In  front  of  the  ora  serrata  the  anterior  layer  of  the  cup  is  no 
longer  differentiated  into  the  special  retinal  elements,  but  joins 
with  the  posterior  to  form  a  layer  of  columnar  cells, — the  pars 
ciliaris  retina.  In  front  of  this  the  interior  rim  of  the  optic  cup 
passes  forward  and  lines  the  posterior  surface  of  the  iris,  forming 
the  uvea  of  that  organ,  and  terminating  at  the  margin  of  the 
pupil. 

The  rest  of  the  substance  of  the  iris  is  developed  from  the 
mesoblast,  from  which  also  arise  the  choroid,  the  cornea  and  the 
sclerotic. 

The  development  of  the  eye  may  be  thus  briefly  described. 
An  offshoot  of  nervous  matter  from  the  fore-brain  forms  the 
retina  and  the  uvea,  and  its  stalk,  or  connection  with  the  brain, 
develops  into  the  optic  nerve. 

An  involution  of  epiblast  which  grows  into  the  nervous  cup 
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forms  the  lens,  while  from  the  adjacent  mesoblast  arise  the  sur- 
rounding parts  of  the  eye.  The  vitreous  is  produced  by  -the 
mesoblast  growing  through  a  fissure  in  the  lower  part  of  the 
optic  cup  to  fill  its  cavity. 


DEVELOPMENT  OF  THE  EAR. 

The  ear  is  developed  chiefly  from  the  epiblast,  a  special  and 
independent  involution  of  which  forms  both  its  essential  nervous 
structures  and  the  general  epithelium   lining  the  membranous 

Fig.  314. 


Transverse  section  through  the  head  of  a  foetal  sheep  in  the  region  of  the  hind-brain. 

[Boeiicker.) 

H.B.  Hind-brain.  CC.  Canal  of  the  cochlea.  RV.  Recessus  vestibuH.  VB.  Vertical 
semicircular  canal.  G.C.  Auditory  ganglion.  G'.  Auditory  nerve.  N.  Connection  of 
auditory  nerve  to  the  hind-brain. 

labyrinth.  The  mesoblast  supplies  the  surrounding  firmer  struc- 
tures, such  as  the  fibrous  suljstance  of  the  inner  ear,  and  the  bony 
[)arts  in  which  the  organ  lies.  The  auditory  nerve  grows  as  a 
bud  from  the  neural  tissue  forming  the  hind-brain,  and  connects 
it  with  the  delicate  specialized  auditory  cells. 
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The  process  begins  by  the  appearance  of  a  depression  of  the 
general  epiblast  covering  the  head,  which  forms  a  tubular  diver- 
ticulum, lying  in  the  mesoblast  at  the  side  of  the  hind-brain. 

This  diverticulum  becomes  separated  from  the  epiblast  by  the 
obliteration  of  its  outer  extremity,  which  united  it  to  the  super- 
ficial epiblast,  and  is  converted  into  a  cavity  receiving  the  name 
of  the  otic  vesicle.  It  soon  becomes  somewhat  triangular  in  shape, 
the  base  of  the  triangle  lying  upward. 

From  the  lower  angle  arises  a  projection,  which  is  the  rudi- 
mentary canal  of  the  cochlea.  The  angle  lying  next  to  the 
neural  epiblast  similarly  gives  off  a  tubular  process,  which  forms 
the  recessus  vestibuli. 

Elevations  in  the  primitive  vesicle  indicate  the  origin  of  the 
semicircular  canals,  which  become  tubular,  opening  at  their  ends 
into  the  general  cavity  of  the  vesicle.  The  two  superior  canals 
are  the  first  to  appear,  the  horizontal  arising  somewhat  later. 

The  part  of  the  otic  vesicle  in  connection  with  the  canal  of 
the  cochlea  becomes  separated  from  the  latter  by  a  narrow  con- 
striction which  forms  the  canalis  reuniens,  the  part  of  the  vesicle 
beyond  this  developing  into  the  saccule. 

The  utricle  arises  from  that  part  of  the  vesicle  which  is  in 
connection  with  the  semicircular  canals.  It  is  at  first  in  direct 
connection  with  the  saccule,  but  after  a  time  it  only  communi- 
cates by  means  of  a  narrow  canal  with  a  similar  one  from  the 
saccule;  these  two  canals  are  connected  with  a  third,  which  lies 
in  the  aqueductus  vestibuli. 

The  canal  of  the  cochlea  is  at  first  a  straight  tube,  but  as  it 
develops  it  becomes  coiled  upon  itself. 

The  walls  of  the  primitive  otic  vesicle,  formed  from  the  epi- 
blast, become  developed  into  the  epithelium  lining  the  internal 
ear.  The  mesoblast  immediately  surrounding  the  vesicle  forms  a 
supporting  capsule  of  fibrous  tissue,  which  completes  the  mem- 
branous parts  of  the  internal  ear. 

Part  of  the  mesoblast  around  the  optic  vesicle  becomes  lique- 
fied, and  gives  origin  to  the  canals  and  spaces  in  which  the 
membranous  labyrinth  lies  ;  the  neighboring  mesoblast  is  changed 
into  cartilage  which  ossifies  and  forms  the  bony  parts  of  the  ear. 
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The  aiiditory  nerve  is  developed  from  the  hind-brain,  and  grows 
through  the  mesoblast  toward  the  otic  vesicle.  It  is  recognizable 
from  its  having  some  ganglion  cells  in  its  growing  extremity  from 
a  very  early  period  of  its  development. 

The  Eustachian  tube  and  the  tympanum  are  formed  in  con- 
nection with  the  inner  part  of  the  first  visceral  cleft,  and  the 


Scciion  ihrough  lh<  head  of  a  fslal  >h«p.    {Betilclur.) 

R.V.  Rcccutis  VHllbuli.    V.  B.  VcMical  <cmicircubr  c«i>l.    H.  8.  Horiionul  unicir- 

culat  canal.    G.  AuditoFy  ganglion.    C.C.  Caiul  of  ihe  cochlu, 

ossicles  are  developed  from  the  corresponding  visceral  arch — hyo- 
mandibular. 

The  membrana  tympani  is  formed  at  the  surface  of  the  embryo, 
the  adjacent  parts  grow  outward  and  give  rise  to  the  external 
auditory  meatus. 
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DEVELOPMENT  OF  THE  SKULL  AND  FACE. 

The  bones  of  the  roof  of  the  skull  and  of  the  face  are  chiefly 
derived  from  membrane,  those  of  the  base  of  the  skull  being  laid 
down  in  cartilage. 

At  the  cephalic  extremity  of  the  notochord  is  a  mass  of  uncleft 
mesoblast,  called  the  investing  mass,  corresponding  to  that  from 
which  the  vertebrae  are  developed. 

From  this  arises  two  prolongations,  which  diverge  and  then 
unite  again,  leaving  an  interval ;  and  the  united  portion  becomes 
once  more  divided  into  two  processes,  the  trabecule  eranii. 


ipilc  Y«iclt. 


The  mesoblast  behind  the  interval  receives  the  name  of  the 
occipi to-sphenoid  portion  ;  the  interval  is  the  rudiment  of  the  sella 
tunica,  which  is  occupied  by  the  pituitary  body.  The  part  of  the 
mesoblast  in  front  of  this  is  called  the  spheno-ethmoidal  portion. 

Froin  the  occipito-sphenoidal  portion  are  deveIo|)ed  the  basi- 
occipital  and  the  posterior  part  of  the  sphenoid.  At  the  sides  of 
the  medulla  oblongata  processes  are  sent  up,  which  unite  round 
it  and  form  the  foramen  magnum.  I-aterally  the  mesoblast 
envelops  the  auditory  vesicles  and  forms  the  side  pi)rtions  of  the 
occipital  bone. 
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In  the  cartilaginous  antecedent  of  the  temporal  bone  there  are 
three  centres  of  ossification — the  epiotic^  which  develops  the  mas- 
toid process ;  the  prooHc^  which  is  in  the  region  of  the  superior 
semicircular  canal ;  and  the  opisthoticy  which  is  at  the  cochlea. 

The  spheno-ethmoidal  portion  develops  the  anterior  part  of 
the  sphenoid  together  with  the  ethmoid  bones  and  the  cartilage 
of  the  septum  of  the  nose ;  the  first,  arising  from  the  back  part, 
is  developed  from  membrane.  The  trabeculae  are  carried  for- 
ward, and  bending  down  at  the  nasal  depression  form  the  lateral 
nasal  cartilages  and  the  anterior  part  of  the  septal  cartilage. 

Fig.  3x8. 


T/ 
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Different  stages  of  the  development  of  the  head  and  face  of  a  human  embryo. 

Embryo  of  four  weeks.      {Allen    Thomson.)      6.   Embryo  of  six  weeks.      (Meier.) 
C.  Embryo  of  nine  weeks.    {Ailen  TkomsoM.) 

a.  Auditory  vesicle.  i.  Lower  jaw.  i'.  First  pharyngeal  cleft. 


The  face  is  developed  in  connection  with  ridges  known  as  the 
visceral foids  or  arches,  between  which  are  a  number  of  clefts,  the 
visceral  clefts. 

The  eyes  and  the  openings  of  the  nose  are  in  the  face ;  while 
the  ear  arises  at  the  side  of  the  face,  in  connection  with  one  of 
the  visceral  clefts. 

The  nasal  depressions  or  pits  appear  in  the  wall  of  the  head, 
covering  the  anterior  part  of  the  brain. 

Just  above  the  first  visceral  arch  or  fold  is  the  depression 
which  ultimately  becomes  the  buccal  cavity,  and  unites  with  the 
alimentary  tract  to  form  the  mouth. 
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The  first  fold  is  called  the  mandibular ;  this  gives  off  at  either 
end  a  process  which  grows  upward  and  inward,  forming  the 
rudiment  of  the  superior  maxillary  bone  and  side  of  the  face. 

Between  these  is  a  median  process,  the  fronto-nasal,  which 
gives  off,  on  the  inner  sides  of  the  nasal  grooves,  projections 
which  form  the  inner  nasal  processes;  these  unite  with  the  suj*- 
rior  maxillary  processes  to  close  in  the  nostril  and  form  the  lip. 

The  outer  nasal  process  is  a  thickening  on  the  outer  side  of 
the  nasal  depression,  which  rtinning  down  toward  the  superior 
maxillary  process,  forms  eventually  the  lachrymal  duct. 


H.  EpiblMl  of  neural  caniL    *.  Hearl.    r,  Cavitj.  of  rore-biain.    ■.(■,  Civiiy  of  mid-lmiii. 
mo.  Caviiy  of  medulla,    s^.d.  S^henDoccipilal  nns  af  ihc  bulacranil.    i/.i.  Sphcno- 

boAy.    am.  Amnion,    /r.  l^rt  of  heurl  cavily  eolnjE  lo  fbrin  Ule  piluilary  body,     i^, 
Fore-gui.    I*.  Nolochord.    {/.  Infundibulum. 

The  mandibular  arch  forms  the  lower  jaw,  and  between  this 
and  the  superior  maxillary  process  the  buccal  cavity  is  developed 
chiefly  by  the  outgrowth  of  the  surrounding  tissues  j  the  epiblast 
lining  this  becomes  thinned  away,  and  ihe  sulijacent  mesoblast 
and  hy|>oblast  disapjiear ;  the  buccal  cavity  is  made  continuous 
with  that  of  the  alimentary  canal. 

The  cavities  of  the  nasal  depressions  at  first  ojjen  freely  into 
the  buccal  cavity  by  means  of  the  nasal  grooves;  ^fter  a  time 
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processes  arise  from  the  superior  maxillae,  and,  growing  ini^'ord, 
finally  meet  one  another  in  the  middle  line,  to  form  a  broad 
plate  of  tissue  intervening  between  the  nasal  cavity  above  and 
the  buccal  cavity  below.  This  plate  is  first  completed  in  front 
and  then  gradually  closes  toward  the  back  of  the  buccal  cavity, 
where  the  communication  between  the  nose  and  the  pharynx 
is  left. 

Imperfect  development  of  these  parts  gives  rise  to  the  common 
congenital  deformities,  cleft-palate  and  hare-lip. 

The  first  cleft  is  the  hyo-mandibular ;  it  forms  the  tympano- 
Eustachian  cavity,  which  becomes  separated  from  the  surface  by 
the  closure  of  its  outer  end  by  the  growth  of  the  membrana 
tympani,  the  external  auditory  meatus  and  ear  being  formed  by 
an  outgrowth  of  the  tissue  surrounding  the  tympanic  membrane. 

The  mandibular  arch  contains,  close  to  its  connection  with  the 
superior  maxillary  process,  a  rod  of  cartilage,  called  Meckel's 
cartilage.  This  becomes  partly  converted  into  the  malleus, 
partly  into  the  internal  lateral  ligaments  of  the  temporo-maxil- 
lary  articulation. 

The  second,  or  hyoid  arch,  gives  origin  to  the  incus,  the  stylo- 
hyoid process  and  ligament,  and  the  lesser  wings  of  the  hyoid 
bone. 

From  the  third  arch  arise  the  body  and  greater  wings  of  the 
hyoid  bone  and  the  thyroid  cartilage. 
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Abscissa.     The  line  forming  the  basis  of  measurement  of  graphic  records, 

along  which  the  time  measurement  is  usually  made. 
Accommodation.     Focusing  the  eye  for  different  distances ;  it  is  effected  by 

the  lens  becoming  more  convex  for  near  objects,  owing  to  the  ciliary  mus- 
cle drawing  forward  its  choroidal  attachment,  and  relaxing  the  suspensory 

ligament. 
Acinous  glands.     Secreting  organs  composed  of  small  saccules  filled  with 

glandular  epithelium  connected  with  the  twigs  of  a  branched  duct. 
Adenoid  tissue.     A  delicate  feltwork  of  reticular  tissue  containing  lymph 

corpuscles  (Lymphoid  tissue). 
Adequate  stimulus.    The  particular  form  of  stimulus  which  excites  the 

nerve  endings  of  a  special  sense  organ. 
Afferent  nerves.    Those  bearing  impulses  to  the  nervous  centres  from  the 

periphery  to  excite  reflex  actions  or  stimulate  the  sensorium. 
Agminate    glands.    A  name  applied  to  the  lymph  follicles  occurring  in 

groups  in  the  lower  part  of  the  small  intestine. 
Albumins.     A  term  derived  from  the  Latin  for  white  of  egg  (Albumen)^  de- 
noting a  group  of  complex  chemical  substances  obtained  from  ova,  blood 

plasma  and  many  tissues  of  animals  and  plants. 
Albuminoids.     A  class  of  nitrogenous  substances  allied  to  the  albumins  in 

composition,  but  differing  from  them  in  many  important  respects. 
Allan tois.     A  vascular  outgrowth  from  the  embryo  ;  in  mammals  it  helps  to 

form  the  placenta,  and  in  the  chick  forms  the  respiratory  organ. 
Alveoli.    The  term  used  to  denote  small  cavities  found  in  many  parts,  such 

as  the  air  spaces  of  the  lungs. 
Amnion.    The  membranous  sac  which  grows  around  the  embryo  and  encloses 

the  foetus,  etc.,  during  its  development. 
Amceba.    A  unicellular  organism  consisting  of  a  nucleated  mass  of  protoplasm. 
Amorphous.     Without  definite  or  regular  form  ;  the  opposite  of  crystalline. 
Ampulla.     A  dilatation  on  the  semicircular  canals  of  the  ear. 
Amylolytic.    Relating  to  the  conversion  of  starch  into  dextrine  and  grape 

sugar. 
Amylopsin.    A  ferment  in  the  pancreatic  juice,  which  converts  starch  into 

sugar. 
Anabolic.    An  exciting  influence  exerted  by  nerves  increasing  the  metabolism 

of  tissues. 
Analgesia.     A  condition  of  the  nervous  centres  in  which  pain  cannot  be  felt, 

but  tactile  and  other  sensations  remain  unimpaired. 
Analjrsis.    A  separation  into  component  parts ;  the  splitting  up  of  a  chemical 

compound  into  its  constituents. 
Anastomoses.    The  direct  union  of  blood  vessels  without  the  intervention  of 

a  capillary  network. 
Anelectrotonus.     An  electric  condition  of  a  nerve,  resulting  fh>m  the  passage 

of  a  current  through  a  part  of  it ;  it  is  confined  to  the  regions  of  the  posi- 
tive pole. 
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Anode.    The  positive  pole  or  electrode — i.  ^.,  the  pole  by  which  the  electric 

current  enters. 
Apncea.     A  state  of  cessation  of  the  breathing  movements  from  non-excitation 

of  the  respiratory  nerve  centre. 
Area  opaca.     The  outer  zone  of  the  part  of  the  blastoderm  from  which  the 

foetal  membranes  are  developed. 
Area  pellucida.     The  central  spot  of  the  part  of  the  blastoderm  from  which 

the  embryo  chick  is  developed. 
Arteriole.    A  small  artery ;  usually  applied  to  those  vessels  the  walk  of  which 

are  lai^ely  composed  of  muscle  tissue. 
Arthroses.     Movable  joints  having  a  synovial  membrane. 
Asphyxia.     Literally,  cessation  of  the  pulse,  such  as  occurs  from  interruption 

of  respiration,  now  used  as  synonymous  with  suffocation. 
Assimilation.    The  chemical  combination  of  new  material  (nutriment)  with 

living  tissues.     Power  to  assimilate  forms  the  most  characteristic  property 

of  living  matter. 
Astigmatism.     Unevenness  of  the  refracting  surfaces  of  the  eye;  when  en- 
gaging the  entire  cornea  it  is  called  "  regular,"  and  affecting  a  local  part, 

"irregular,"  astigmatism. 
Atoms.     The  ultimate  indivisible  particles  of  matter. 
Atrophy.     A  wasting  from  insufficient  nutrition. 
Automatic.     Self-moving — i.  e.^  acting  without  extrinsic  aid ;  a  term  applied 

to  the  independent  activity  of  certain  tissues  (such  as  the  nerve  centres), 

the  exciting  energies  of  which  are  not  readily  determined. 
Axis  cylinder.    The  essential  conducting  part  of  a  nerve  fibre,  composed  of 

fine  strands  of  protoplasm. 

Bacteria.  A  class  of  minute  fungi  occurring  in  decomposing  animal  or  vege- 
table substances. 

Bilirubin.    The  red  coloring  matter  of  the  bile  of  man  and  camivora. 

Biliverdin.     The  greenish  coloring  matter  of  the  bile  of  herbivorous  animals. 

Binocular.  Pertaining  to  vision  with  two  eyes.  A  combination  of  the  eflfect 
of  two  retinal  impressions  by  means  of  which  the  appearance  of  dUtance 
and  ioliiiity  are  arrived  at. 

Biology.    The  science  of  life,  including  morphology  and  physiology. 

Blastoderm.  The  primitive  cellular  membrane  formed  by  the  segmentation 
of  the  ovum,  in  a  part  of  which  the  embryo  is  developed. 

Blood  pressure.  The  force  exercised  by  the  blood  against  the  walls  of  the 
vessels.  It  is  very  great  in  the  arteries,  and  therefore  causes  a  constant 
stream  through  the  capillaries  to  the  veins. 

Canaliculi.  Minute  channels  connecting  the  small  cell  spaces  or  lacunae  of 
bone,  and  containing  protoplasmic  filaments  uniting  the  neighboring  cells. 

Carbohydrates.  Compounds  of  carbon,  hydrogen  and  oxygen,  in  which  the 
oxygen  and  hydrogen  exist  in  the  proportions  requisite  to  form  water. 

Cardiograph.  An  instrument  by  means  of  which  the  heart's  impulse  is  trans- 
mitted, through  an  air  tube,  from  a  tambour  on  the  chest  wall  to  another 
which  makes  a  record  on  a  moving  surface  by  means  of  a  lever. 

Catelectrotonus.  An  electric  state  of  nerve  in  the  region  where  the  current 
leaves  the  nerve,  i.  e.y  near  the  negative  pole. 

Cathode.  The  negative  pole  or  electrode — i.  e.^  the  pole  by  which  the  electric 
current  leaves. 

Cellulose.    The  substance  of  which  vegetable  cell  walls  are  formed. 
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Centrifugal.     Efferent. 

Centripetal.    Afferent. 

Cerebral  vesicles.  Primitive  swelliogs  on  the  primary  neural  tube  of  the 
early  embryo  which  develop  into  the  brain. 

Chemical  elements.  Substances  which  cannot  be  split  up  into  components, 
and  therefore  are  regarded  as  simple. 

Chlorophyll.  The  green  coloring  matter  of  the  cells  of  plants.  It  is  sup- 
posed to  be  the  agent  which,  under  the  influence  of  light,  decomposes 
carbon  dioxide  and  water  to  form  the  cellulose  and  starch  of  the  plant. 

Cholesterin.  A  substance  occurring  in  the  bile,  white  matter  of  the  brain  and 
spinal  cord,  and  in  small  quantities  in  many  other  tissues.  Chemically  it 
is  a  monatomic  alcohol. 

Chorda  dorsalis.    The  precursor  of  the  vertebral  column  of  the  embryo. 

Chorion.  The  outer  layer  of  the  membranes  of  the  ovum,  part  of  which 
becomes  vascular,  and  helps  to  form  the  placenta. 

Choroid.    The  vascular  coat  of  the  eyeball. 

Chromatic  aberration,  llie  alteration  of  white  light  into  prismatic  colors 
during  its  passage  through  an  ordinary  lens. 

Chyle.     The  fluid  absorbed  from  the  small  intestines  by  the  lacteals. 

Chyme.     The  fluid  absorbed  by  gastric  digestion. 

Cilia.  Minute  vibratile  processes  which  occur  on  the  surface  cells  of  the  res- 
piratory and  many  other  epithelial  membranes. 

Circumvallate.  Large  papillae  situated  at  the  back  of  the  tongue.  They  are 
surrounded  by  a  fossa  in  the  walls  of  which  lie  taste  buds. 

Cloaca.  The  opening  common  to  the  genito-urinary  organs  in  the  primitive 
hind  gut  of  the  embryo.     The  cloaca  persists  in  birds. 

Colloid.  That  condition  of  quasi-dissolved  matter  in  which  it  will  not  diffuse 
through  a  membrane  such  as  parchment.    The  opposite  of  crystalloid. 

Colostrum.    The  first  milk  secreted  alter  delivery. 

Coordination.  The  adjustment  of  separate  actions  for  a  definite  result,  as 
when  'the  nerve  centres  cause  various  distinct  muscles  to  act  together  and 
produce  complex  movements. 

Curara.  A  poison  causing  motor  paralysis  by  impairing  the  function  of  the 
nerve  terminals. 

Cytod.    A  living  protoplasmic  unit  which  has  no  nucleus. 

Decidua  reflexa.    The  outgrowth  of  the  uterine  mucous  membrane  which 

surrounds  the  ovum. 
Decidua  serotina.    That  part  of  the  modified  mucous  membrane  of  the  uterus 

in  which  the  fecundated  ovum  is  lodged. 
Decidua  vera.    The  altered  mucous  membrane  of  the  uterus,  which  lines  that 

organ  during  gestation. 
Deglutition.    The  act  of  swallowing. 
Desquamation.    The  term  used  to  denote  the  casting  off  of  the  outer  layer 

of  the  skin. 
Dialysis.    The  diffusion  of  soluble  crystalloid  substances  through  membranes, 

such  as  parchment. 
Diastole.    The  period  of  relaxation  and  rest  of  the  heart's  muscle. 
Dicrotic.     The  double  wave  of  the  arterial  pulse.     The  dicrotic  wave  is  seen 

on  the  descending  part  of  the  pulse  curve. 
Dioptric  media.     Transparent  bodies,  such  as  those  parts  of  the  eye  which  so 

refract  the  light  that  images  come  to  a  focus  on  the  retina. 
Discus  proligerus.     Part  of  the  granular  layer  of  the  Graa6an  follicle  sur- 
rounding the  ovum. 
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Distal.     A  term  used  to  denote  a  part  relatively  far  from  the  centre. 

Ductus  arteriosus.  A  short  bond  of  union  between  the  pulmonary  artery 
and  the  aorta,  which  in  the  foetus  carries  blood  from  the  right  side  of  the 
heart  into  the  aorta. 

Ductus  venosas.  A  vessel  which,  in  the  foetus,  carries  blood  from  the  um- 
bilical vein  to  the  vena  cava.     After  birth  it  becomes  a  fibrous  cord. 

Ductus  vitello-intestinalis.  The  union  between  the  yolk  sac  and  the 
intestine  of  the  embryo. 

Dyspncea.  Difficulty  in  breathing;  a  condition  in  which  inordinate  respira- 
tory movements  are  excited  by  an  unusually  venous  state  of  the  blood  in 
the  respiratory  nerve  centre. 

Ectoderm.     The  outer  layer  of  simple  organisms. 

Bctosarc.     The  outer  layer  or  covering  of  certain  unicellular  oi^nism.<(. 

Electrodes.  The  terminals  which  are  applied  to  a  substance  in  order  to  com- 
plete the  circuit  in  passing  a  current  through  it. 

Electrotonus.  A  peculiar  electric  state  of  nerves  resulting  from  the  passage 
of  a  continuous  current  through  thenL 

Embryo.  The  name  given  to  the  animal  at  the  earliest  period  of  its  develop- 
ment. 

Emmetropic.  A  term  applied  to  the  normal  eye,  in  which  parallel  rays  of 
light  are  brought  to  a  focus  at  the  retina  without  accommodation. 

Emulsification.  The  suspension  of  very  fine  particles  in  a  liquid  unable  to 
dissolve  them. 

Endoderm.     The  inner  layer  of  simple  organisms. 

Endogenous  reproduction.  The  formation  of  new  cells  or  organisms  within 
the  body  of  the  parent  individual. 

Endolymph.  The  liquid  contained  within  the  membranous  labyrinth  of  the 
ear. 

Endosarc.     The  inner  layer  of  certain  unicellular  organisms. 

Endosmosis.    The  diffusion  of  a  fluid  into  a  texture. 

Endothelium.  The  single  layer  of  thin  celb  lining  the  serous  cavities,  lym- 
phatic  and  blood-vessels,  and  all  spaces  in  the  connective  tissues  (meso- 
blastic  lining  cells). 

Bpiblast.  The  uppermost  of  the  three  layers  of  the  blastoderm,  from  wbich 
are  developed  the  epidermis  and  the  nerve  centres. 

Epithelium.  The  non-vascular  cellular  tissue  developed  from  the  epi-  and 
hypoblast  of  the  blastoderm. 

Eupnoea.  A  term  used  to  denote  the  normal  rhythm  of  respiratory  movements 
in  contradistinction  to  dy%pnaa  and  apnaa, 

Excito-motor.     Impulses  which,  reflexly,  call  forth  motion. 

Excito-secretory.  Impulses  calling  forth  the  activity  of  gland  cells,  com- 
monly applied  to  afferent  influences  which  act  reflexly. 

Fibrinogen.  A  form  of  globulin  obtained  from  serous  fluids,  which,  on  being 
added  to  a  liquid  containing  serum -globulin,  gives  rise  to  the  formation  of 
fibrin. 

Fibrinoplastin.  A  term  sometimes  applied  to  paraglobulin  or  serum- 
globulin. 

Filiform.  A  name  given  to  a  class  of  papillae  of  the  tongue,  the  points  of 
which  taper  off  to  a  thread. 

Foetus.    The  fully-formed  embryo  while  in  the  uterus  or  egg. 

Fovea  centralis.     The  depression  in  the  centre  of  the  macula  lutea. 

Fungiform.     A  class  of  papillx  of  the  tongue,  shaped  Uke  a  toadstool. 
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Galvanometer.  An  instrument  for  measuring  the  direction  and  strength  of 
electric  currents  by  means  of  the  deflection  of  a  magnetic  needle. 

Ganglion.  A  swelling.  Chiefly  used  to  denote  swellings  on  neifves  contain- 
ing nerve  corpuscles.     Hence,  any  group  or  mass  of  nerve  cells. 

Gastrula.  A  stage  in  the  development  of  animals  in  which  they  consist  of  a 
small  sac  composed  of  two  layers  of  cells. 

Gemmation.  Budding — a  process  of  reproduction  in  which  a  bud  forms  on 
the  paient  organism,  and  Anally  separates  as  a  distinct  being. 

Globulin.  A  form  of  albumin  insoluble  in  pure  water,  but  soluble  in  weak 
solutions  of  common  salt. 

Glomerulus.  A  bundle  of  capillary  loops  which  form  part  of  the  Malpighian 
body  of  the  kidney. 

GlycocboHc  acid.  An  acid  existing  in  large  quantities  combined  with  soda 
in  the  bile  of  man. 

Glycogen,  Animal  starch  ;  a  substance  belonging  to  the  carbohydrates,  which 
is  made  in  the  liver.  It  may  be  readily  converted  into  grape  sugar — from 
which  fact  it  derives  its  name. 

Gustatory.     Pertaining  to  the  sense  of  taste. 

Hsematin.  A  dark -red  amorphous  lx)dy  containing  iron;  obtained  from  the 
decomposition  of  the  coloring  matter  of  the  blood  (hsemoglobin) . 

Hsematoin,  or  Haematoporphyrin.  Iron-free  ha;matin  prepared  with  strong 
acetic  acid. 

Hsematoidin.  A  substance  found  in  old  blood  clots,  as  crystals,  which  can- 
not be  artificially  prepared. 

Hseroin.  Hydrochlorate  of  hsmatin  ;  easily  obtained,  as  small,  dark  crystals, 
by  boiling  blood  to  which  some  common  salt  and  glacial  acetic  add  have 
been  added. 

Hsemochromogen.  Unoxidized  hsematin,  the  flrst  outcome  of  the  decom- 
position of  haemoglobin. 

Haemoglobin.     Reduced  oxyhaemoglobin. 

Holoblastic.  The  form  of  ova  the  entire  yolk  of  which  enters  into  the  pro- 
cess of  segmentation. 

Homceothermic.  Even  temperatured — a  term  applied  to  those  animals  that 
keep  up  a  regular  temperature,  independent  of  iheir  surroundings — warm- 
blooded animals. 

Hyaloid.  Glass- like;  a  name  given  to  the  delicate  membrane  enclosing  the 
vitreous  humor. 

Hydrocarbons.  Compounds  of  carbons  and  hydrogen.  Fats,  though  con- 
taining oxygen  in  addition,  have  been  called  hydrocarbons. 

Hjrpermetropia.  Ilie  condition  in  which  the  focus  of  parallel  rays  of  light 
lies  beyond  the  retina;  also  called  /on^  sight. 

H3rpertrophy.     Increased  growth  fh>m  excessive  nutrition. 

Hypoblast.  The  undermost  of  the  layers  of  the  blastoderm,  from  which  the 
pulmonary  and  alimentary  tracts  and  their  glands  are  formed. 

Infusoria.    A  name  given  to  a  large  cla^  of  simple  organisms  which  are 

found  in  dirty  water. 
Inhibition.    A  checking  or  preventive  action  exercised  by   some  nervous 

mechanisms  over  nerve  corpuscles  and  other  active  tissues. 
Inosit.     A  sugar  peculiar  to  muscle. 
Irradiation.     The  phenomenon  that  bright  objects  appear  larger  than  they 

really  are.     It  is  due  to  the  extension  of  the  effect  to  those  parts  of  the 

retina  immediately  adjacent  to  where  the  light  rays  impinge. 
62 
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Karyokinesis.  A  series  of  changes  occurring  in  the  arrangement  of  the 
nuclear  network  prior  to  the  division  of  the  protoplasm  of  cells. 

Katabolic.  *  A  lowering  inflaence  exerted  by  certain  nerves,  decreasing  meta- 
bolism.    Inhibitory  action. 

Keratine.  The  characteristic  chemical  constituent  of  the  homy  layer  of  the 
skin  and  epidermal  appendages. 

Kymograph.  An  instrument  used  for  recording  graphically  the  undulations 
of  blood  pressure,  measured  directly  from  a  blood  vessel  by  means  of  a 
manometer. 

Lachrymal.     Pertaining  to  the  secretion  of  tears. 

Lacunae.     Small  spaces  in  the  substance  of  bone  tissue,  occupied  during  life 

by  the  bone  cells.     They  appear  black  in  sections  of  dry  bone,  owing  to 

their  containing  air,  which  replaces  the  shriveled  cells. 
Latency,  or  Latent  Period.    The  time  that  elapses  between  the  moment  of 

stimulation  and  the  response  given  by  an  active  tissue. 
Leucin.    This  is  a  common  product  of  the  decomposition  of  proteids.     It  is 

foimed  in  the  later  stages  of  pancreatic  digestion. 
Leucocytes.     A  term  applied  to  the  white  blood  corpuscles  and  lymph  cells. 
Lumen.    The  open  space  seen  on  section  of  a  tube,  vessel,  or  glandular 

saccule ;  the  cavity  surrounded  by  the  gland  cells,  in  which  the  secretion 

collects. 
Luscitas.     Fixation  of  the  eyeball  in  the  outer  canthus,  owing  to  the  unop- 
posed action  of  the  external  rectus  muscle. 
Lymph.     The  liquid  collected  by  the  absorbent  vessels  from  the  tissues ;  the 

return  flow  of  the  irrigation  stream  escaping  from  the  blood  vesseb  to 

nourish  the  tissues. 

Macula  Lutea.    That  part  of  the  retina    near  the  axis  of  the  eyeball,  in 

which  vision  is  most  acute. 
Manometer.     An  instrument  for  measuring  pressure ;  made  of  a  |J -shaped 

tube  containing  liquid,  commonly  mercury. 
Medullary  sheath.     A  soil,  clear  sheath  around  the  axis  cylinder  of  medul- 

lated  nerves,  which,  owing  to  its  refracting  power,  gives  them  a  white  ap- 

pearance. 
Menstruation.    The  monthly  change  in  the  mucous  membrane  of  the  uterus, 

which  accompanies  the  dischai^e  of  the  ovum. 
Meroblastic.     The  form  of  ova  in  which  the  yolk  does  not  undergo  complete 

segmentation,  as  that  of  birds. 
Mesencephalon.    Those  parts  of  the  brain  developed  from  the  middle  cere- 
bral vesicle,  viz  ,  crura  cerebri  and  corpora  quadrigemina. 
Mesoblast.    The  middle  of  the  three  layers  of  the  blastoderm  from  which 

the  connective  tissues  and  vascular  apparatus  of  the  embryo  are  formed. 
Metabolism.    The  intimate  chemical  changes  occurring  in  the  various  organs 

and  tissues  upon  which  their  nutrition  and  functions  depend. 
Metanephros.    The  hinder  portion  of  the  WolfBan  body  which  develops  into 

the  kidney  and  ureter. 
Metazoa.    A  term  used  to  denote  all  those  animals  whose  ova  undergo  divi- 
sion, in  contradistinction  to  Protozoa. 
Methaemoglobin.     A  compound  formed  by  oxyhannoglobin  combining  more 

6rmly  with  additional  oxygen. 
Micrococcus.    An  extremely  minute  fungus  of  a  round  shape.     Micrococci 

occur  in  many  solutions  of  decomposing  organic  matter. 
Micturition.    The  act  of  voiding  urine. 
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Molecules.     The  smallest  physical  particles  of  matter  that  can  exist  in  a 

separate   state.     They  are  probably  always  constituted  of  two  or  more 

atoms. 
Morphology.     The  science  which  treats  of  the  forms  and  structures  of  living 

beings. 
Morula.     The  stage  of  development  of  the  ovum  after  segmentation,  in  which 

all  the  young  cells  are  alike,  before  .the  blastoderm  is  formed. 
Mucin.    The  characteristic  constituent  of  mucus. 
MUllerian  duct.    An  embryonic  structure  from  which  are  formed  the  genital 

passages  in  the  female,  viz.,  Fallopian  tube,  uterus  and  vagina. 
Mydriasis.     A  dilated  state  of  the  pupil. 

Myograph.     An  instrument  for  graphically  recording  muscle  contraction. 
Myopia.     The  condition  in  which  the  focus  of  parallel  rays  of  light  falls  short 

of  the  retina ;  short  sight. 
Myosin.     The  substance  formed  by  the  coagulation  of  muscle  plasma.     It  is 

one  of  the  globulins. 

Natural  nerve  currents.    The  electrical  currents  passii^  through  an  exposed 

muscle  or  nerve  while  in  a  state  of  rest. 
Neuroglia.    The  reticular  connective  tissue  which  binds  together  the  elements 

of  the  nerve  centres. 
Non-polarizable  electxodes.     Electric  terminals  specially  constructed  so  as 

not  to  set  up  secondary  currents  on  application  to  moist  living  tissues. 
Notochord.    The  primitive  vertebral  axis  of  the  embryo. 
Nucleolus.     A  small  spot  observable  in  some  nuclei. 
Nucleus.     A  central  part  of  a  cell  differentiated  from  the  main  protoplasm, 

commonly  round,  but  sometimes  elongated,  as  in  muscle. 

Odontoblasts.  Living  cells  lining  the  pulp  cavity  of  the  interior  of  a  tooth, 
and  presiding  over  the  growth  and  nutrition  of  the  dentine. 

Olfactory.     Pertaining  to  the  sense  of  smell. 

Omphalo-xnesenteric.  The  vessels  connecting  the  embryonic  circulation 
with  the  yolk  sac,  which  are  early  obliterated  in  the  mammalian  foetus. 

Ophthalmoscope.  An  instrument  consisting,  of  a  small  mirror,  by  which 
the  interior  of  the  eye  can  be  illuminated  so  that  the  fundus  may  be  viewed. 

Optic  cup.     The  involuted  optic  vesicle  which  is  developed  into  the  retina,  etc. 

Osteoblast.    The  active  cells  in  forming  bone. 

Osteoliths.     Calcareous  particles  lying  in  the  endolymph. 

Oxyhsemoglobin.     The  coloring  matter  of  the  blood  corpuscles. 

Paraglobulin.  One  of  the  more  abundant  albumins  of  the  blood — serum 
globulin, 

Paramoecium.  A  unicellular  organism  composed  of  a  soft  mass  of  protoplasm 
enclosed  in  a  firmer  case,  and  covered  with  motile  cilia. 

Parapeptone.  A  body  produced  in  gastric  digestion  during  the  formation  of 
peptone. 

Pepsin.  A  ferment  existing  in  the  gastric  juice  which  converts  proteids  into 
peptones. 

Peptone.  A  form  of  albumin  which  is  produced  during  the  digestion  of  pro- 
teids ;  it  is  very  soluble,  and  diffuses  readily  through  a  membrane. 

Perilymph.     The  liquid  surrounding  the  membranous  labyrinth  of  the  ear. 

Peristalsis.  The  mode  of  contraction  of  the  muscular  walls  of  certain  tubes 
as  the  oesophagus  and  intestine,  the  effect  of  which  is  to  cause  a  progres 
sive  constriction,  and  so  force  the  contents  of  the  tube  onward. 
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Phakoscope.  An  instrument  for  estimating  the  changes  in  the  shape  of  the 
lens  during  accommodalion,  by  doubling  the  reflected  images  with  a  prism. 

Placenta.  The  intra  uterine  organ  by  means  of  which  the  foetal  blood  b 
brought  into  close  relationship  to  that  of  the  mother,  so  as  to  gain  nutri- 
ment and  oxygen,  and  get  rid  of  effete  matters. 

Plasma.  A  term  meaning  anything  formed  or  moulded ;  used  in  physiology 
to  indicate  chemically  complex  kinds  of  matter  which  subserve  to  the  forma- 
tion of  the  living  tissues. 

Poikilotbermic.  Varying  in  temperature.  A  term  applied  to  those  animals 
whose  temperature  varies  with  that  of  the  surrounding  medium — ^*  cold- 
blooded animab." 

Presbyopia.  A  loss  of  power  of  accommodation  for  near  vision  which  accom- 
panies old  age. 

Prosencephalon.  That  part  of  the  developing  anterior  cerebral  vesicle  from 
which  are  formed  the  olfactory  and  optic  lobes,  the  hemispheres,  and  cor- 
pora striata  and  optic  thalami. 

Protista.  A  large  group  of  organisms  which  remain  in  the  primitive  state  of 
a  single  cell  during  their  lifetime. 

Protococcus.  A  unicellular  vegetable  organism,  the  protoplasm  of  which  con- 
tains chlorophyll. 

Protoplasm.  The  substance  which  gives  rise  to  the  primitive  vital  phenomena, 
seen  in  unicellular  organisms,  and  which  is  the  chief  agent  in  executing  the 
functions  of  all  the  active  tissues. 

Proto vertebrae.  The  primitive  segments  of  the  mesoblast  in  the  site  of  the 
future  vertebral  column. 

Protozoa.  That  division  of  the  protista  which  has  been  assigned  to  the  animal 
kingdom. 

Proximal.     A  term  used  to  denote  a  part  relatively  nearer  to  the  centre. 

Pseudopodia.  Projections  thrown  out  by  moving  protoplasm,  by  means  ot 
which  cells,  such  as  amoebae,  move. 

Ptosis.     Drooping  of  the  eyelid  accompanying  paralysis  of  the  third  nerv«. 

Ptyalin.  The  ferment  of  the  saliva.  In  a  weak  alkaline  solution  it  converts 
starch  into  dextrine  and  sugar. 

• 

Reflex  action.    The  activity  caused  by  a  ganglion  cell  reflecting  an  afferent 

impulse  along  an  efferent  nerve  to  the  neigiiborhood  of  original  sttmtAation. 
Reflexion.     The  return  of  rays  of  light  from  a  surface. 
Refraction.     The  bending  which  rays  of  light  undergo  when  passing  obliquely 

from  one  medium  to  another  of  different  density. 
Reticulum.    A  network  ;  a  term  applied  to  the  interlacement  of  fibres,  seen 

in  reticulated  connective  tissue,  etc. 
Rheoscopic  frog.    An  arrangement  by  which  the  change  in  the  electric  cur* 

rent  of  one  muscle  of  a  frog  b  made  to  act  as  a  stimulus  to  the  nerve  of 

another. 

Saponification.  The  formation  of  soap;  the  decomposition  of  oils  or  fats  by 
means  of  alkalies  into  sails  of  the  fatty  acids  and  glycerine. 

Sarcolactic  acid.  The  principal  acid  in  dead  muscle.  It  has  a  dextro-rota- 
tory power  on  polarized  light,  which  ordinary  lactic  acid  does  not  possess. 

Sarcolemma.    The  delicate  sheath  surrounding  the  fibres  of  skeletal  muscles. 

Sclerotic.    The  fibrous  coat  of  the  eyeball. 

Sensorium.  That  part  of  the  nerve  centres  supposed  to  receive  seacory  im- 
pressions. 


GLOSSARY.  741 

Somatopleure.  The  subdivision  of  the  mesoblast  which,  with  the  attached 
epiblast,  forms  the  body  walls  of  the  embryo. 

Specific  gravity.  The  relation  of  the  weight  of  a  given  volume  of  any  sub- 
stance to  the  weight  of  an  equal  volume  of  distilled  water  at  4°  C. 

Spherical  aberration.  An  indistinctness  of  ihe  image  caused  by  the  differ- 
ence in  refraction  at  the  centre  and  margin  of  a  lens  giving  rise  to  difi'erent 
focal  lengths. 

Sphygmograph.  An  instrument  for  obtaining  a  graphic  representation  of  the 
pulse  wave  by  means  of  a  lever  applied  to  the  radial  artery  at  the  wrist. 

Splanchnopleure.  The  subdivision  of  the  mesoblast  which,  with  the  attached 
hypoblast,  forms  the  chief  visceral  cavities  of  the  embryo. 

Sporadic  ganglia.  Swellings  occurring  in  the  course  of  the  peripheral  nerves 
caused  by  a  group  of  nerve  corpuscles. 

Steapsin.  A  ferment  existing  in  the  pancreatic  juice  which  causes  or  aids  the 
saponification  of  the  fats. 

Sudoriferous  glands.  The  small  tubular  glands  of  the  skin  which  secrete 
perspiration. 

Summation.  The  fusion  of  several  single  contractions  of  muscle  to  form  a 
tetanic  contraction ;  the  accumulation  of  stimuli. 

Sutures.  Unions  formed  by  the  direct  apposition  of  bones  without  intervening 
cartilage.     They  do  not  permit  of  motion. 

Sympathetic  nerve.  The  ganglionic  nervous  cord  on  either  side  of  the  ver- 
tebral column.  It  transmits  most  of  4he  vasomotor  impulses  coming  from 
the  cerebro-spinal  centres. 

Symphysis.  A  form  of  joint  without  synovial  membrane  in  which  the  bones 
are  fixed  together  by  fibio-cartilage. 

Synthesis.  The  artificial  construction  of  a  chemical  compound  from  simpler 
materials. 

Systole.     The  period  of  contraction  of  the  heart's  muscle. 

Taurocholic  acid.     An  acid  existing  in  combination  with  soda  in  the  bile. 

Tetanus.  In  physiology  is  used  to  denote  the  prolonged  contraction  of  the 
skeletal  muscles  which  follows  rapidly  repeated  stimulations  or  nervous 
impulse. 

Thalamencephalon.  That  part  of  the  anterior  cerebral  vesicle  which  is  left 
after  the  differentiation  of  the  optic  thalami,  cerebral  hemispheres,  etc. 

Thrombosis.     The  occlusion  of  a  vessel  by  a  local  coagulation  of  the  blood. 

Trabeculae.  Supporting  bars  of  tissue  passing  through  some  organs,  such  as 
those  proceeding  from  the  capsule  to  the  interior  of  the  spleen  or  lymphatic 
glands. 

Trophic.     Relating  to  nutrition. 

Tf3rpsin.  A  ferment  in  the  pancreatic  juice  which  in  alkaline  solutions  con- 
verts proteids  into  peptones. 

Tyrosin.  A  substance  formed  together  with  leucin  during  pancreatic  diges- 
tion ;  it  is  also  produced  by  putrefaction  of  proteids. 

Urachus.  The  bond  of  union  which  at  an  early  period  connects  (he  urinary 
bladder  with  the  allantois  in  the  embryo ;  it  is  subsequently  obliterated  in 
the  foetus. 

Vacuoles.  Small  cavities  occurring  in  cells.  They  are  supposed  to  have  im 
portant  functions  in  the  unicellular  organisms. 
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Vagus.  The  part  of  the  eighth  pair  of  nerves  distributed  to  the  viscera  of  the 
throat,  thorax  and  abdomen;  the  great  regulating  nerve  of  the  vegetative 
functions. 

Vaso-constrictor.  Those  impulses  which  excite  contraction  of  the  vascular 
muscles. 

Vaso-dilator.  Those  impulses  which  inhibit  the  action  of  the  vascular 
muscles. 

Vasomotor.  Those  nervous  mechanisms  controlling  the  movements  of  the 
blood  vessels. 

Villus.  A  hair-like  process.  A  term  applied  to  the  small  projections  charac- 
teristic of  the  small  intestine.  They  contain  blood  vessels  and  lacteals,  and 
are  important  in  absorption. 

Vitellus.  The  yolk  of  the  ovum,  which  in  mammals  divides  completely  to 
form  the  embryo.  In  birds  only  a  part  divides,  and  the  rest  serves  to 
nourish  the  chick. 

Vorticella.  Bell  animalcule,  a  bell-shaped  unicellular  organism  with  a  rudi- 
mentary, ciliated  mouth  cavity  and  rapidly  contractile  stalk. 

Wolffian  body.  An  embryonic  structure,  the  forerunner  of  certain  parts  of 
the  genito-urinary  apparatus. 

Zymogen.  A  peculiar  substance  supposed  to  give  rise  to  the  pancreatic 
ferments. 
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Albuminous  bodies,  66. 

as  food,  97,  100. 
Albumins,  classification  of,  68. 

chemical    composition   of, 

67. 

characteristics  of,  71. 
Alcoholic  fermentation,  78, 90. 
Alimentary  canal,  ill. 

development  of,  697. 
Alkali  albumin,  70. 
Allantoin,  76. 
Allantois,  679. 
Alveoli,  339. 
Amnion,  675. 


Amoeba,  39. 

change  in  form,  83. 

effect  of  stimulation,  83. 

life  of,  91. 

locomotion  of,  83. 

pseud opodia  of,  83. 
Amoeboid  movement  of  white  blood 

corpuscles,  226. 
Amount  of  blood  in  the  body,  215. 
Amphioxus,  blood  of,  228. 
Ampullae  of  semicircular  canals,  608. 
Amylopsin,  167. 
Analgesia,  623. 
Anelectrotonus,  508. 
Animal  heat,  428. 

production  of,  431. 
Anode,  503. 

Anterior  roots  of  spinal  cord,  617. 
Anus,  III. 
Aortic  arches,  716. 
valves,  263. 
Apnoea,  347. 
Area  opaca,  674. 

peilucida,  674. 
Arterial  blood,  355. 

pulse,  the,  307. 
system,  development  of,  716. 
tone,  317. 
Arteries,  small,  284. 

walls  of,  283. 
Arterioles,  286. 
Arthrosis,  479. 
Arytenoid  cartilages,  487. 
Asphyxia,  362. 
Assimilation,  31. 
Astigmatism,  574. 
Atmospheric  air,  351. 
Atoms,  30. 
Auditory  nerve,  stimulation  of,  610. 

terminals  of,  607. 
Auerbach*s  plexus,  127. 
Augmentation,  517. 
Auricles  of  the  heart,  259. 
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Automatic    centres    in    spinal    cord, 

635. 
Automatism,  517,  634. 

Axis  cylinder,  49,  498. 


BACTERIUM,  88,  89. 
Basilar  membrane,  608. 
Battery,  DanieH's,  500. 
Bell  animalcule,  94. 
Bertin,  columns  of,  391. 
Bile,  168. 

acids  and  pigments  in  the  urine, 

407. 
cholesterine  contained  in,  177. 
composition  of,  175. 
ducts,  174. 
functions  of  the,  t8o. 
method  of  obtaining,  174. 
pigments,     Gmelin*s     test     for, 

176. 
salts,  Ptttcnkofer's  test  for,  73, 

«77. 
secretion  of,  178. 

Biliary  fistula,  174. 

Bilirubin,  177. 

Biliverdin,  177. 

Binocular  vision,  596. 

Bladder,  evacuation  of  the,  413. 

nervous  mechanism  of,  632. 

passage  of  the  urine  to  the, 

411. 
structure  of  the,  412. 
Blastoderm,  38,  42,  671,  673. 
Blind  spot,  586. 

Blood,  action  of  reagents  on,  230. 
amount  of,  217. 
arterial,  354. 

carbon  dioxide  in  the,  244. 
changes     during    respiration, 

354. 
changes  in  the,  230. 

changes  in  (he  spleen,  372. 

chemistry  of  the  coloring  mat- 
ter, 235. 

chemistry  of  the  stroma,  241. 

circulation  in  frog's  web,  315. 

circulation  of  the,  256. 

circumstances  influencing  co- 
agulation, 248. 

clot,  bufiy  coat  of,  246. 

clot,  247. 

coagulation  of  the,  245. 


Blood,  coagulation  within  vessels,  249. 

colorless  corpuscles,  225. 

colorless  corpuscles,  origin  of, 
227. 

composition  of,  215. 

constitution  of  the,  214. 

corpuscles,  217,  224. 

corpuscles,  number  of,  224. 

corpuscles,  increase  in  number 
of  white,  225. 

corpuscles,  separation  from 
plasma,  218. 

crenated  red  corpuscles,  230. 

current,  velocity  of  the,  313. 

defibrinated,  246. 

density  of  the,  231. 

development  of  red  discs,  241. 

enumeration  of  blood  corpus- 
cles, 233. 

fibrin  formation  in,  252. 

fibrin  of,  219,  222,  246. 

fibrinoplastin  of,  222. 

fibrin  in,  222. 

gases  in  the,  243,357. 

hsematin  of,  240. 

hsematoidin  of,  240. 

haemin  of,  240. 

hsemochromogen  of,  240. 

lakey,  232. 

meth^moglobin  of,  239. 

of  amphioxus,  228. 

of  cold-blooded  animals,  252. 

origin  of  colorless  corpuscles 
of,  227. 

oxygen  in  the,  245. 

oxyharmoglobin  of,  235. 

plasma,  coagulation  of,  220. 

plasma,  chemical  composition 
of,  220. 

preparation  of  oxyhsemoglobin, 
236. 

red  corpuscles  of,  alteration  in 
shape,  230. 

red  corpuscles,  228. 

red  corpuscles  forming  rou- 
leaux, 231. 

red  corpuscles  of,  relative  size 
in  different  animals,  229. 

red  corpuscles,  shape  in  differ- 
ent animals,  229. 

-serum,  composition  of,  223. 

specific  gravity  of  the,  215. 

spectra  of,  357. 
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Blood,  spectra  oi  haemoglobin,  238. 

stroma  of  the,  232. 

thrombosis,  251. 

venous,  355. 
Blood  pressure,  291. 

influence    of    respiration    on, 

301. 
in  the  pulmonary  circulation, 

307. 
in  the  capillaries,  306. 

in  the  veins,  306. 

measurement  by  Fick's  spring 

manometer,  302. 
measurement     by     mercurial 

manometer,  295. 
record  of,  299. 
tracmg  of,  294, 303. 
relative  height  of,  299. 
respiratory  wave  of,  301. 
variations  of,  300. 
Blood  vessels,  283. 

clotting  of  blood  in  the,  252. 
action  of  depression  nerve  on, 

319- 
nervous  control  of  the,  321. 

relative  capacity  of,  288. 

vasomotor  centres  of,  318. 

vasomotor  nerves  of,  317. 
Bone,  58. 

composition  of,  58. 

growth  of,  59. 
Brain,  development  of,  646,  693. 

effect  of  stimulation  of,  657. 

fibres  and  cells  in  the,  655. 

functions  of  the,  660. 

recovery  after  injury  of,  661. 

result  of  removal  of  parts  of, 
659. 

structure  of,  645. 

ventricles  of,  638,  653. 

volition,  634. 
Breaking  shock,  503. 
Bronchial  tubes,  328. 
Brownian  movement,  82. 
Brunner's  glands,  182. 
Butter  as  food,  104. 


CALABAR  bean,  572. 
Calculi,  urinary,  407. 
Camera  obscura,  565. 
Canaliculi  of  bone,  58. 
Capillaries,  285. 


Capillaries,  lymphatic,  197. 
Carbohydrates,  77. 

as  food,  97,  99. 
Carbon,  30. 

Carbon-dioxide  in  the  blood,  244. 
Carbonates  in  the  tissues,  81. 
Carbonic  acid,  351. 
Carbonic  acid  gas  CO  2  in  the  tissues, 

80. 
Cardiac  centre,  643. 

cycle,  265. 

impulse,  270. 

movements,  268. 

nerve  mechanism,  277. 
Cardiograph,  271. 
Cartilage,  57. 
Casein,  70,  383. 
Catelectrotonus,  507. 
Cathode,  504. 
CeU  contents,  34,  36. 
Cell  sap,  34. 
CeU  wall,  34,  36. 
Cells,  animal,  33. 

budding  of,  86. 

development  of,  86. 

differentiated,  38. 

division  of,  86. 

fat,  37. 

ganglion,  49.  521. 

germination  of,  85. 

goblet,  200. 

history  of,  33. 

indifferent,  38. 

liver,  34. 

of  mucous  tissue,  53. 

nerve,  49,  521. 

nucleus  and  nucleolus  of,  34. 

pigment,  37. 

reproduction  of,  85,  87. 

varieties  of,  38. 

vegetable,  33. 
Cellular  theory,  33. 
Cellulose,  91. 
Centrifugal  nerves,  496. 
Centripetal  nerves,  496. 
Cereals  as  food,  107. 
Cerebellum,  649. 
Cerebral  hemispheres,  656. 

functions,  localization  of,  660. 
Cerebro-sptnal  axis,  614. 
Cerebrum,  646. 
Chalaza,  671. 
Cheese  as  food,  105. 
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Chemical  stimulation  of  muscle,  452. 

of  nerve,  501. 
Chemistry  of  the  body,  62. 
Chloride  of  sodium  in  the  urine,  405. 
Chlorophyll,  91. 
Cholesterin^,  74,  177. 
Cholin,  74. 
Chondrin,  72. 
Chorion,  681. 
Choroid,  557. 
Chromatic  aberration,  574. 
Chyle,  194. 

characters  of,  208. 

movement  of,  213. 

quantity  of,  209. 
Cicatricula,  671. 
Ciliary  ganglion,  528. 

processes,  557. 
Ciliated  epithelium,  46. 
Circulation  of  the  blood,  255. 

physical  forces  of  the,  289. 
Circum vallate  papilla;,  131,  552. 
Cleft  palate,  732. 
Clot  of  blood,  219. 
Coagulation  of  the  blood,  219,  245. 
Cochlea,  607. 

canal  of  the,  608. 

oi^an  of  Corti  in,  610. 
Cold-blooded  animals,  428. 
Colostrum,  384. 
Colorless  blood  corpuscles,  origin  of, 

227. 
Colorless  corpuscles  of  blood,  225. 
Color  blindness,  594. 

perceptions,  591. 
Columnar  epithelium,  46. 
Common  salt  in  the  urine,  405. 
Composition  of  lymph,  209. 

of  the  blood,  215. 
Connective  tissue,  37. 

tissues,  classification  of,  52. 
Constitution  of  the  blood,  214. 
Constrictors  of  pharynx,  115. 
Continuous  current,  454. 
Contractile  tissues,  441. 
Convulsions,  363. 
Codrdination,  517,  633. 
Cornea,  557. 

nitrate  of  silver  staining,  196. 
Corpora  quadrigemina,  638. 

striatum,  638, 653. 
Corpus  callosum,  638. 
Corpuscles,  blood,  217,  224. 


Corpuscles,  enumeration  of  blood,  233. 

lymph,  210. 
Corti,  organ  of,  610. 
Costal  respiration,  332. 
Coughing,  349. 
Cranial  nerves,  631. 
Cricoid  cartilage,  487. 
Crusta  petrosa,  1 13. 
Crying,  350. 
Crystallin,  69. 

Crystalline   lens  at  different  periods, 
561. 

fibres  of,  563. 
Crystals  of  haemoglobin,  236. 
Curara,  452. 

Cutaneous  desquamation,  389. 
Cytode,  35. 


DANIELUS  battery,  502. 
Decidua  reflexa,  682. 
Decidua  serotina,  682. 

vera,  682. 
Defecation,  mechanism  of,  125. 
Deglutition,  113. 

nervous  mechanism  of,  118. 
Dentine,  112. 
Depressor  nerve,  282. 

action  of,    on  blood  vessels, 
320. 
Derived  albumins,  69/ 
Development,  685. 

of  alimentary  canal,  697. 
arterial  system,  716. 
blood-vascular  system,  708. 
brain,  646,  693. 
.  cells,  86. 
car,  726. 
endothelium,  59. 
eye,  562,  721. 
heart,  710. 
kidneys,  704. 
liver,  701. 
lungs,  701. 

nose  and  mouth,  730,  731. 
oesophagus,  701. 
pancreas,  700. 
red  blood  corpuscles,  241. 
sexual  organs,  708. 
skull  and  face,  729. 
the  genito>urinary  apparatus, 
702 
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Development  of  spinal  cord,  691. 

spleen,  701. 
venous  system,  718. 
Dextrose,  77. 
Diaphragm,  333. 
Diastole  of  heart,  267. 
Diet  table,  427. 
Differentiated  cells,  38. 
Digestion,  alimentary  tract,  III. 

defecation,  125. 

deglutition,  113. 

glands  of  stomach,  149. 

mastication,  112. 

mechanism  of,  no. 

movements  of   the   intes- 
tines, 123. 

3mall  intestine,  182. 

stomach,  120. 
Discus  proligerus,  669. 
Division  of  egg  cell,  87. 
Drum  of  ear,  603. 
Du  Bois  Reymond's  induction  coil, 

453.  504;  myograph,  461. 
Ductless  glands,  366. 
Ductus  arteriosus,  719. 

venosus,  719. 
Ducts  of  Cuvier,  718. 
Duodenum,  in,  182. 
Dyspnoea,  346,  362.     , 


EAR,  cochlea,  607. 
development  of,  726. 

Eustachian  tube  of,  606. 

external,  602. 

labyrinth  of,  607. 

membrani  tympani  of,  603. 

organ  of  Corti,  610.  • 

ossicles  of  the,  605. 

semicircular  canals  of,  608. 
Ectoderm,  41. 
Ectomeres,  673. 
Ectosarc,  93. 
Efferent  nerve,  47,  498. 
Egg  albumin,  68. 
Eggs  as  food,  106. 
Elastic  fibro- cartilage,  56. 
Elastin,  73. 

Electric  stimulation  of  muscle,  453. 

nerve,  502. 
Electrodes,  non^polarizable,  448. 
Electrotonus,  507. 
Elements,  29. 


Emmetropic  eye,  570. 

Emulsion  of  fat,  206. 

Enamel,  112. 

Endoderm,  41. 

Endogenous  reproduction,  86. 

Endolymph,  607. 

Endosarc,  94. 

Endothelium,  development  of,  59. 

with  nitrate  of  silver, 
197. 
Entomeres,  673. 
Entoptic  images,  575. 
Epiblast,  38, 42,  673. 
Epiglottis,  487. 
Epithelial  tissues,  43. 
Epithelium,  46. 

of  the  tubules  of  the  kid- 
ney, 392. 
Eupnoea,  345. 
Eustachian  tube,  606. 
Excreting  glands,  378. 
Excretions,  387. 
Exhaustion,  362. 
Expiration,  337. 
External  auditory  meatus,  602. 
Eye,  abductor  nerve  of  the,  523. 

accommodation,  570. 

blind  spot  of,  586. 

convergent  rays,  567. 

development  of,  562,  721. 

dioptrics  of  the,  564. 

inversion  of  image  by  the,  567. 

motor  oculi  nerve,  522. 

pigment  cells  of  the  retina,  590. 

refraction  of  the,  565. 

tunics  of  the,  557. 

yellow  spot,  587. 
Eyeball,  dioptric  media  of  the,  560. 
Eyeballs,  movement  of  the,  595 . 


FACE,  development  of,  730. 
Faeces,  composition  of,  188. 
Fallopian  tube,  682. 
Fat,  absorption  of,  205. 
Fats  as  food,  97,  99. 
Fat  cells,  37. 

emulsion,  206. 
Fat  of  adipose  tissue  in  man,  78. 
Fats,  78. 

Fehling's  solution,  146. 
Fenestra  ovalis,  607. 
rotunda,  607. 
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Fibrin,  219,  222,  246. 

chemistry  of,  70. 
ferment,  222. 
Fibrinogen,  69. 
Fibrinoplabtin,  222. 
Kick's  spring  manometer,  302. 
Filiform  papillae,  131,  551. 
Fistula,  gastric,  151. 

intestinal,  184. 
pancreatic,  161. 
Foetal  circulation,  720. 
Follicles,  lymphatic,  194. 

of  Lieberktthn,  201. 
Food,  action  of  gastric  juice  on,  154. 

saliva  on,  144. 
albuminous  bodies,  97,  99. 
carbohydrates,  97,  99. 
chemical  composition  of,  loo. 
diet  table,  427. 
digestibility  of,  100. 
excessive  consumption  of,  424. 
fats,  97,  99. 
mixed  diet,  422. 
nitrogenous  diet,  421. 
non-nitrogenous  diet,  422. 
requirements^  100,  421. 
tables,  loi. 
Food  stuffs,  96. 

classification  of,  98. 
ultimate  uses  of,  425. 
Fovea  centralis,  566. 
Fungiform  papillie,  131,  551. 
Fungus  cells  dividing,  86. 


GALL  bladder,  176.  180. 
Galvanometer,  449. 
Ganglion  cells  of  heart,  49. 
Gases  in  the  blood,  243,  358. 

urine,  406. 
Gastric  digestion,  156. 
fistula,  151. 
glands,  149. 

juice,  action  on  food,  154. 
juice,  artificial,  151. 
juice,  composition  of,  150. 
juice,    method   of   obtaining, 
151. 
Gastrula  stage,  41. 
Gelatin,  72. 
Gemmation,  85. 

Genito-urinary  apparatus,development 
of,  702. 


\ 


Germinal  vesicle,  670. 
Giddiness,  549. 
Gills,  325. 
Gland  cells,  132. 
Glands,  acinous,  131. 

blood  elaborating,  365. 

ductless,  366. 

excreting,  378. 

lachrymal,  378. 

lymphatic,  194. 

mammary,  382. 

Meibomian,  381. 

mucous,  133, 379. 

of  stomach,  149. 

salivary,  133. 

sebaceous,  381. 

secreting,  378. 

sudoriferous,  387. 

sweat,  387. 

thymus,  368. 

thyroid,  367. 
Glandular  epithelium,  46. 
Glisson,  capsule  of,  169. 
Globin,  241. 
Globulins,  68. 
Gloeocapsa,  86. 
Glomerulus  of  kidney,  394. 
Glosso-pharyngeal  nerve,  529. 
Glottis,  shape  of  the  opening  of  the, 

488. 
Gluten,  107. 
Glycin,  76. 
Glycocine,  76. 
Glycocholic  acid,  74,  176. 
Glycocoll,  76. 
Glycogen,  78. 

prq>aration  of,  376. 
Glycogenic  function  of  liver,  373. 
Gmelin's  test  for  bile  pigments,  178. 
Goblet  cells,  47,  200. 
Graafian  follicle,  667. 
Grape  sugar,  77. 

in  the  urine,  406. 
starch     converted    into, 

145- 
Graphic  method,  460. 

Gravid  uterus,  684. 

Green  vegetables  as  food,  107. 


H^.MATIN,  240. 
Haematoidin,  240. 
Hsemin,  240. 
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Hxmochromogen,  240. 
Haemoglobin  crystals,  236. 

decomposition  of,  239. 
spectra  of,  237. 
Hare  lip,  732, 
Haversian  system,  57. 
Hearing,  598. 

external  ear,  602. 
organ  of  Corti,  610. 
Heart,  255. 

accelerator  nerves  of,  281. 
action  of  the  valves  of,  263. 
afferent  cardiac  nerves,  282. 
anabolic  action  of,  282. 
anatomy  of,  258. 
atropine,  curara,  digitalis,  nico- 

tin,  action  of,  281. 
Bidder's  ganglion,  278. 
cardiac  centre,  643. 
cardiac  movements,  268. 
cardiograph,  271. 
capacity  of,  258. 
cause  of  sounds  of,  273. 
cycle  of,  267. 
diastole  of,  267. 
depressor  nerve,  282. 
development  of,  710. 
extrinsic  nerves,  279. 
first  sound  of,  272. 
inhibitory  nerves  of,  280. 
innervation  of,  275. 
intrinsic  nerves,  276. 
katabolic  action,  282. 
lymph,  211. 
muscle  of,  259,  443. 
nerve  cells  of,  49. 
passive  interval,  269. 
second  sound  of,  272. 
semilunar  valves,  263. 
Stannius's  experiment,  279. 
systole  of,  267. 
vagus,  action  of,  280. 
valves  of,  262. 
work  done  by  the,  316. 
Heart  beat,  nerve  mechanism  control- 
ling, 277. 
Heart's  impulse,  270. 
Heat,  balance  of,  434. 

compensation  for  external  varia- 
tions, 438. 
compensation  for  internal  varia- 
tions, 437. 
expenditure  of,  434. 


Heat,  income,  432. 

regulation,  437. 
Henle's  tubules,  392. 
Hepatic  artery  and  vein,  171. 
Hiccough,  350. 
Hippuricacid,  77. 

in  the  urine,  404. 
Histology,  26. 
Holoblastic  ovum,  673. 
Homoeothermic  animals,  428, 
Hunger  and  thirst,  548. 
Hyaline  cartilage,  56. 
Hydra,  neuro-muscular  cells  of,  46. 
Hydrocele  fluid,  220. 
Hydrochloric  acid  in  the  tissues,  80. 
Hypermetropia,  573. 
Hypoblast,  38,  42,  673. 
Hypoglossal  nerve,  532. 


IDIOSYNCRASY,  100. 

i     Ileo-csecal  valves,  125. 

Ilium,  III. 

Incus,  605. 

Indican,  77,  405. 

Indifferent  cells,  38. 

Indol,  77, 189. 

Induced  current,  454,  504. 

Induction  coil,  454,  504. 

Infusoria,  93. 

Inhibition,  517. 

Innervation  of  the  heart,  275. 

Inorganic  bodies,  79. 

substances,  30. 
Inosit,  78. 
Inspiration,  333. 
Intercellular  substance,  36. 
Intercostal  muscles,  335. 
Interlobular  vein,  170. 
Internal  respiration,  359. 
Interrupted  current,  454. 
Interstitial  absorption,  192. 
Intestinal  absorption,  199. 

digestion,  186. 

fistula,  184. 

juice,  function  of,  185. 
secretion  of,  184. 

motion,  nervous  mechanism 
of,  128. 

secretion,  method  of  obtain- 
ing, 184. 
Intestine,  histology  of  small,  123. 

large,  187. 
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Intestine,  lymph  follicles^  201. 

small,  182. 
Intestines,  movements  of  the,  123. 
Intralobular  vein,  171. 
Inversion  of  image,  567. 
Iris,  558,  575. 

functions  of  the,  575. 
nervous    mechanism    controlling 
the,  576. 


JEJUNUM,  III. 
*J     Joints,  478. 


KARYOKINESIS,  36. 
Keratin,  73,  390. 
Kidney,  391. 

blood  vessels  of,  393. 
development  of,  704. 
relation  of  blood   vessels  to 

tubules,  395. 
tubules  of,  392. 
Krause*s  end  bulbs,  539. 
Kreatin,  75. 
Kreatinin,  76. 

in  the  urine,  403. 
Kymograph,  298. 


LABYRINTH  of  ear,  607. 
lachrymal  glands,  378. 
Lactation,  386. 
Lacteals,  191, 194, 199.  212. 
Lactic  fermentation,  78. 
Lactose,  78. 
Lacunae  of  bone,  58. 
Lakey  blood,  232. 
Larynx,  486 

muscles  of,  326. 
Intent  period,  462. 
Laughing,  350. 
Lecithin,  30,  74,  177. 
Leucin,  76. 

and  tyrosin  in  the  urine,  407. 

in  pancreatic  digestion,  166. 
Leucocytes,  225.  ' 
Leucocythemia,  225. 
I^e  vat  ores  costarum,  335. 
Levers,  the  three  orders  of,  478. 
LieberkUhn*s  follicles,  183,  201. 
Light,  591. 
Liquor  folliculi,  669. 


Liquor  sanguinis,  217. 
Listingis  measurements,  567. 
Liver,  168 

bile  ducts,  174. 

bile  salts,  73,  175. 

capillaries  of,  385. 

capsule  of  Glisson,  169. 

cells,  34,  171. 

development,  701. 

glycogenic  function  of,  373. 

hepatic  artery,  171. 

interlobular  vein,  1 70. 

lobules  of,  169. 

method  of  obtaining  bile,  174. 

portal  vein,  374. 
Ludwig's  kymograph,  298. 
Lumen  of  celb,  163. 
Lung,  bronchial  lubes,  328. 

development  of,  702. 

structure  of,  326. 
Lymph  and  chyle,  characters  of,  208. 

channels,  193. 

composition  of,  209. 

corpuscles,  210. 

follicles  in  intestine,  201. 

hearts,  211. 

movement  of  the,  211. 

spaces,  192. 

vascular  S3rstem,  192. 

vessels,  valves  in,  213. 
Lymphatic  gland,  194. 
system,  192. 
.  vessels,  197. 
Lymphatics,  191. 


MAKING  shock,  503. 
Malassez's  apparatus  for  the  enu- 
meration of  blood  corpuscles, 
233. 
Malleus,  605. 
Malpighian  body  of  spleen,  373. 

capsule,  391. 
Mammary  glands,  382. 

during  lactation,  385. 
Marey^s  sphygmograph,  309. 

tambour,  270. 
Mastication,  112. 

nervous  mechanism  of,  1 1 8. 
Meat  as  food,  105. 
Mechanical  stimulation   of    muscle, 

45a- 
of  nerve,  501. 
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Mechanism  of  absorption,  203. 
Medulla  oblongata,  as  central  organ, 

639. 

as  conductor,  638. 

cardiac  centre,  643. 

decussation  of  fibres 
in,  638. 

pyramids  in,  638. 

respiratory  centre  in, 
640. 

roots  of  nerves    in, 
639. 

vasomotor  centre  in, 
641. 
Medullated  nerve  fibres,  47,  497. 
Meibomian  glands,  381. 
Meissner's  plexus,  129. 
Membrana  tympani,  603. 
Membrane  of  Reissner,  608. 
Membranous  spiral  lamina,  608. 
Memory,  658. 
Menstruation,  669. 
Meroblastic  ovum,  673. 
Mesoblast,  38,  42,  673. 
Methaemoglobin,  239. 
Metabolism,  365. 
Metazoa,  40. 
Micrococcus,  88. 
Micturition,  nervous   mechanism   of, 

413- 
Milk,  chemical  composition  of,  102, 

103,  383. 

as  food,  102. 

sugar,  78. 

tests,  103. 
MilIon*s  re-agent,  67. 
Mitral  valve  of  the  heart,  260. 
Moist  chamber,  461. 
Molecules,  30. 
Morphology,  25. 
Morula  stage,  40,  673. 
Motion,  application  of  skeletal  mus- 
cles, 477. 

rate  of  running,  505. 

standing,  481. 

walking  and  running,  484. 
Motor  nerves,  631. 

oculi  nerve,  522. 
Mouth,  development  of,  730. 

digestion,  131. 
Movement  of  the  chyle,  213. 

of  the  heart,  268. 

of  the  lymph,  211. 


Movement  of  white  blood  corpuscles, 

226. 
Mucin,  72. 
Mucous  glands,  133,  379. 

tissue,  54. 
Mttllerian  duct,  703. 
Murexide  test  for  uric  acid,  76. 
Muscle,  active  state  of,  451. 

altitude  of  curve,  466. 

changes    during     contraction, 

454. 
chemical  change  in,  446. 
composition  of^  445. 
consistence  of,  445. 
contraction  of  unstriated,  475. 
curves,  461. 
death  rigor,  473. 
Du  Bois  Reymond*s  coil,  453, 

504. 
duration  of  contraction,  464. 
effect  of  temperature  on  con- 
traction of,  465. 
elasticity  of,  447. 
electric  phenomena,  448. 
fatigue,  470. 
graphic  method,  460. 
irritability  of,  451,  470. 
latent  period,  462. 
maximum  contraction,  466. 
natural  currents,  448. 
negative  variation,  457. 
non-polarizable  elect  rodes,448. 
non-striated,  50,  442. 
of  heart,  443. 
passive  state  of,  445. 
plasma,  66. 
properties  of,  445. 
rate  of  contractions  in  insects, 
464. 
Muscle,  rheoscopic  frog,  457. 

rigor  mortis,  473. 

sarcolemma,  51,  444. 

single  contraction,  461. 

stimulation  of,  452. 

striated,  50,  443. 

summation,  467. 

tetanus,  468. 

tone,  470. 

tracings,  462. 

wave  of  contraction,  463. 
Muscles  of  deglutition,  115. 

of  the  eyeballs,  595. 

of  the  iris,  577. 
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Muscles  of  the  larynx,  326,  489. 
of  mastication,  113. 
origin  and  insertion  of,  477. 
of  respiration,  333. 
the  three  orders  of   levers, 

478. 
Muscular  fibres  of  heart,  259. 

Muscularis  mucosae,  183,  201. 

Myograph,  pendulum,  461. 

spring,  461. 

Myopia,  572. 

Myosin,  69. 


NASAL  ganglion,«528. 
Native  albumins,  68. 
Nausea,  548. 

Nerve,  496,  S'Q- 

III,  motor  oculi  nerve,  522. 

IV,  trochlear  nerve,  523. 

V,  trigeminus,     or     trifacial 
nerve,  525. 

VI,  abductor  nerve  of  the  eye, 

523- 

VII,  (portio     dura)     motor 

nerve  of  the  face,  524. 

VIII,  vagus,  530. 

VIII,  glosso- pharyngeal  nerve, 
529. 

VIII,  spinal   accessory  nerve, 

529- 

IX,  hypoglossal  nerve,  532. 

active  state  of,  501. 
anod^,  503. 

ascending  current,  5 1 2. 
axis  cylinder,  49,  498. 
Auerbach's  plexus,  127. 
breaking  shock,  502. 
breaking  tetanus  (Ritters'  te- 
tanus,) 502. 
cathode,  503, 
ciliary  ganglion,  528. 
descending  current,  512. 
electric  change  in,  506. 
electrical  properties  of,  500. 
electrotonus,  507. 
ganglion  cells,  49,  521. 
irritability  of  nerve  fibres,  508 
law  of  contraction,  511. 
making  shock,  503. 
mechanism  of  heart,  277. 
medullary  sheath,  49,  498. 
medullated  fibres,  47,  497. 


Nerve  cells,  49. 

functions  of,  515. 
in  spinal  cord,  616. 
endings,  47,  513. 

in  the  ear,  608. 

in  the  eye,  585. 

in  nose,  553. 

in  the  skin,  538. 

in  tongue,  552. 
fibre,  chemistry  of,  500. 
fibres  in  spinal  cord,  616. 
force,  velocity  of,  504. 
Meissner's  plexus,  129. 
multipolar  cells,  48. 
-muscle  preparation,  501. 
natural  current  in,  500. 
negative  variation,  506. 
non-medullated  fibres,  47, 497. 
nodes  of  Ranvter,  47,  497. 
otic  ganglion,  528. 
polarizing  current,  507. 
primary  coil,  504. 
primitive  sheath,  49,  498. 
proximal  and  distal  end,  499. 
roots  in  medulla obIongata,639. 
secondary  coil,  504. 
sensory  cells,  46. 
spinal  cord,  615. 
spinal,  519. 
stained   with  osmic  acid,  47, 

497. 
stimulation  of,  501. 

submaxillary  ganglion,  529. 

tissue,  46. 

to  spheno'palatine    ganglion, 

528. 

Nerves,  afferent,  47,  498. 

efferent,  47,  498. 

anterior  roots  of,  519. 

posterior  roots  of,  519. 

cranial,  522. 

functional     classification    of, 

498. 

Nervous  control  of  the  blood  vessels, 

321. 

mechanism  of   respiration, 

347. 

of  salivary  se- 
cretion, 136. 

of   urinary   se- 
cretion, 410. 

of  voice,  493. 
organs,  central,  614. 
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Neurin,  74. 
Neuroglia,  497,  614. 
Neuro-muscular  cells  of  hydra,  47. 
Nitrogen  in  the  blood,  244. 
in  the  tissues,  81. 
Nitrogenous  diet,  421. 

ingredients  in  the  tissues, 
64. 
Non*medu11ated  nerve  fibres,  47, 497. 
Non- nitrogenous  diet,  422. 

ingredients    of    the 
body,  77. 
Non- striated  muscle,  50,  442. 
Nose,  development  of,  730, 

nerve  endings  in  the,  553. 
Notochord,  673. 
Nuclear  matrix,  36. 
Nucleus,  method  of  staining,  35. 
Nucleolus,  36. 
Nutrition,  416. 
Nutritive  equilibrium,  420. 

materials  in  vegetable  food, 

108. 
value  of  food,  100. 


ODONTOBLASTS,  114. 
(Esophagus,    development    of, 

701. 
histology  of,  117. 
Olein,  78. 

Ophthalmic  ganglion,  528. 
Ophthalmometer,  571. 
Ophthalmoscope,  578. 
C^ic  nerve,  560. 

thalami,  638,  654. 
Organic  substances,  30. 

substance,  instability  of,  31. 
Organisms,  chemical  composition  of, 

30- 
death  of,  32. 

general  characters  of,  28. 

reproduction  of,  32. 

vital  characters  of,  82. 
Origin  of  white  blood  corpuscles,  227. 
Osseous  spiral  lamina,  6oiS. 
Ossicles  of  ear,  605. 
Ossifying  cartilage,  59. 
Osteoblasts,  58. 
Otic  ganglion,  528. 
Otoliths.  608. 
Ovary,  668. 


Ovoid  cells  of  stomach  glands,  149. 
Ovulation,  669. 
Ovum,  668. 

changes  in  the,  671. 
division  of,  40. 
Oxalic  acid  in  the  urine,  404. 
Oxygen,  353. 

in  the  blood,  243. 

in  the  tissues,  81. 

Oxyhtemoglobin,  66,  235,  237,  357. 

composition  of,  235. 
preparation  of,  236. 


PACINIAN  corpuscles,  540. 
Pain,  547. 
Palmitin,  78. 
Pancreas,  160. 

changes' in  the  cells  during 

secretion,  162. 
nervous  influence  on  the, 

162. 
development  of,  700. 
Pancreatic  fistula,  161. 

juice,  action  on  fat,  166. 
action  on    proteids, 

165. 
action  on  starch,i67. 
artificial,  161. 
characters  of  the  se- 
cretion,  l6i. 
Papillae  of  tongue,  131,  551. 
Paraglobulin  (fibrinoplastin),  69,  221. 
Paramoecium,  42,  93. 
Parapeptone,  155. 
Pavy's  solution,  146. 
Pendulum  myograph,  Fick's,  461. 
Peduncles  of  the  cerebrum,  638. 
Pepsin,  151. 
Peptic  cells,  153. 
Peptone,  71. 

absorption  of,  205. 
tests  for,  71. 
Perilymph,  607. 

Peristaltic  contraction  of  intestine,!  24. 
Perspiration,  388. 

Pettenkofer's  test  for  bile  salts,  73ii  77. 
Peyer's  patches,  202, 
Phakoscope,  571. 
Pharynx,  muscles  of,  115. 
Phosphates  in  the  (issues,  81 . 
in  the  urine,  405. 
Physical  forces  of  the  circulation,  289. 
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Physiology,  objects  of,  25. 
Picric  acid  test  for  albumin,  68. 
Pigment  cells,  37. 

of  the  eye,  590. 
Placenta,  681. 

uses  of  the,  685. 
Plant  cell,  33. 
Plasma,  218. 

chemical  composition  of,  220. 
of  the  blood,  coagulation  of, 

219. 
method    of    obtaining    from 
blood,  219. 
Plasmata,  64. 
Pleura,  327. 

functions  of  the,  338. 
Pneumogastric  nerve,  348. 
Poikilothermic  animals,  428. 
Poisonous  gases,  360. 
Polarizing  current,  507. 
Pons  varolii,  638,  652. 
Portal  system,  development  of,  714. 

vein.  169,  374. 
Portio  dura,  seventh  nerve,  524. 

mollis,  598. 
Porus  opticus,  585. 
Posterior  roots  of  spinal  cord,  616. 
Potassium  chloride  in  the  tissues,  81. 
Potatoes  as  food,  107. 
Presbyopia,  573. 
Primitive  groove,  42. 
Products  of  tissue  change,  71. 
Prolagon,  74. 
Protamoeba,  91. 
Protista,  39. 
Protococcus,  91. 
Protoplasm,  29. 

assimilation  of,  85- 
change  in  form,  S^. 
of  cell,  34. 
in  the  tissues,  65, 
structure  of,  35. 
Protoplasmic  movements,  83,  84. 
Protozoa,  40. 
Pseudopodta  of  amoeba,  83. 

of  while  blood  corpus- 
cles, 226. 
Ptyalin,  145. 
Puerile  breathing,  343. 
Pulmonary  circulation  of  the  blood, 

258. 
Pulp  cavity  of  the  teeth,  112. 
Pupil  of  the  eye,  558. 


Pulse,  307. 

Marey's  sphygm<^raph,  309. 
tracings,  309. 
variations  in  the,  312. 
Purkinje's  cells  in  the  cerebellum,  649. 

figures,  587. 
Putrefactive  fermentation  in  the  intes- 
tine, 188. 
Pylorus,  120, 


/^UADRATUS  lumbonim,  334. 


RANVIER'S  nodes,  47,  497. 
Receptaculum  chyli,  194. 
Recording  apparatus,  297. 
Rectum,  ill. 
Red  blood  corpuscles,  217. 
Reduced  haemoglobin,  237. 
Reflex  action,  48,  516,  627. 

inhibition  of,  629. 
Reflex  centres,  special,  632. 
Reflexion,  516,  634. 
Refraction,  564. 
Reproduction,  666. 

of  cells,  85,  87. 
Respiration,  323. 

asphyxia,  362. 
changes  in  the  air,  352. 
changes    in    the     blood 

during,  354. 
chemistry  of,  351. 
complemental  air,  342. 
construction    of   thorax, 

329- 
difl'usion,  342. 

expiration,  337. 

expired  air,  352. 

frequency  of,  331. 

functions  of  the  pleura, 

338. 
in  lower  animals,  324. 

inspiration,  333. 

internal  or  tissue,  359. 

mechanism  of,  323. 

muscles  of,  333. 

nervous    mechanism   of, 

343- 
of  abnormal  air,  360. 

poisonous  gases,  360. 
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Respiration )  pressure   difTerences    in 
the  air,  340. 

reserve  air,  341. 

residual  air,  342. 

sounds  of,  343. 

tidal  air,  341. 

ventilation,  361. 

vital  capacity,  342. 

vital  point,  344. 

volume  of  air,  341. 
Respiratory  centre,  640. 

movements,  330. 

sounds,  343. 

wave,  301. 
Retention  of   urine  in  the  bladder, 

412. 
Retina,  function  of  the,  583. 
pigment  cells  of,  590. 
ophthalmic  view  of  the,  581. 
structure  of,  583. 
Rheoscopic  frog,  457. 
Ribs,  336. 
Rigor  mortis,  473. 
Ritter*s  tetanus,  502. 
Rods  and  cones  of  the  retina,  585. 
Rods  of  Corti,  610. 


SACCHAROMYCES  cerevisiae,  77, 
85. 
Sacculated  glands,  131. 
Saccule  of  semicircular  canals,  608. 
Saliva,  action  on  food,  144. 
chemistry  of,  135. 
effect  of  drugs  on  secretion  of, 

138. 
effect    of    nervous    influence, 

138. 
method  of  secretion,  136. 

Salivary  gland,  133. 

histology  of,  142. 

Sahs  as  food,  109. 

Salts  in  the  tissues,  80. 

Saponification,  166. 

Sarcolemma  of  muscle,  5 1 ,  444. 

Scalcni  muFcles,  335. 

Scaly  epithelium,  45. 

Scheiner's  experiment,  569. 

Sclerotic,  557. 

Sebaceous  glands,  381. 

Secreting  glands,  378. 

Secretion,  378. 


Secretion  of  urine,  395. 
Segmentation  sphere,  672. 
Semicircular  canals,  608. 
Semilunar  valves,  263. 
Sensations,  general,  547. 
Sensory  nerve  cells,  46. 
Sensory  nerves,  631. 
Serum  albumin,  68. 

composition  of,  223. 
globulin,  221. 
separation  of,  219. 
Sexual  organs,  development  of,  708. 
Sexual  reproduction,  666. 
Shivering,  549. 
Sighing.  350. 
Sight,  556. 
Skatol,  189. 

Skin,  cutaneous  desquamation,  389. 
general  sensations,  537,  547. 
glands  of,  381. 
Krause's  end  bulbs,  539. 
nerve  endings  in,  538. 
sense  of  temperature,  545. 
Skull,  development  of,  729. 
•  Smell,  553. 
Sneezing,  350. 
Sobbing,  350. 

Sodium  chloride  in  the  tissues,  80. 
Solitary  glands,  202. 
Somatopleure,  674. 
Sound,  598. 

direction  of,  613. 
tuning  forks,  599. 
vibrations   through    the  tym 
panum,  603. 
Special  senses,  534. 
hearing,  598. 
smell,  553. 
taste,  550. 
touch,  537. 
vision,  556. 
Spectra  of  blood,  357. 

of  haemoglobin,  237. 
Spectrum,  analysts  of  the,  592. 
Speech,  486. 
Spermatozoa,  667. 
Sphenopalatine  ganglia,  528. 
Spherical  aberration,  574. 
Spheroidal   cells  of  stomach  glands, 

149. 
Sphygmograph,  309. 
Spinal  accessory  nerve,  529. 
Spinal  cord,  615. 
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Spinal  cord,  automatic  centres  in  the, 

635- 
automatism,  634. 

cellular  columns  in  the, 

625,  626. 

cervical  region,  619. 

collection  of  nerve  cells 

in  the,  625. 

coordination,  634. 

course  of  fibres  in,  634. 

development  of,  688. 

dorsal  region,  618. 

experiments  on  the,  622. 

lumbar  region,  618. 

motor  channels,  631. 

of  embryo,  620. 

pyramidal  tracts  of,  619. 

reflex  action,  627. 

roots  of  nerves  of,  616, 

617. 

sensory  channels,  631. 

white  tracts  on,  619. 

Splanchnopleure,  674. 

Spleen,  changes  of  blood  in  the,  371. 

development  of,  701. 

extirpation  of  the,  372. 

function  of,  372. 

structure  of,  369. 

Spring  myograph,  461. 

Standing,  481. 

Stapes,  605. 

Starch  as  food,  107. 

converted    into    grape   sugar, 

145- 
microscopic     appearance    of, 

109. 
tests  for,  146. 
Starvation,  417. 
Steapsin,  186. 
Stearin,  78. 
Steno's  duct,  134. 
Stomach,  digestion,  148. 

histology  of,  148. 

motion  of  the,  120. 

nervous  influence  on,  121. 

walls  of  the,  119. 
Stomata,  197. 
Stratified  epithelium,  44. 
Striated  muscle,  50,  443. 
Stroma  of  the  blood,  232. 

chemistry  of  the,  241. 
Submaxillary  ganglion,  529. 
Sudoriferous  glands,  387. 


Sulphates  in  the  tissues,  81. 
in  the  urine,  405. 
Summation,  467. 
Supporting  tissues,  43. 
Supra-renal  capsule,  367. 
Sweat  glands,  387. 
Symphyses,  479. 
Syntonin,  69. 
Systemic    circulation   of   the  blood, 

258. 
Systole  of  heart,  267. 


TACTILE  impressions,  542. 
sensations,  537. 
Tambour  (Marcy*s),  271. 
Taste,  550. 
Taste  buds,  552. 
Taurin,  76. 

Taurocholic  acid,  73,  176. 
Tegmentum,  652. 
Teeth,  development  of,  114. 
structure  of  the,  112. 
Temperature,  maintenance  of  uniform, 

435- 
measurement  of,  429. 

normal     variations    in, 

429. 

Tendon  cells  stained  with  gold,  54. 

Testicle,  667. 

Tests  for  albumin,  67. 

for  peptone,  71. 

Tetanus  of  muscle,  468. 

Thermic  stimulation  of  muscle,  452. 

nerve,  502. 

Thermometer,  clinical,  429. 

Thirst  and  hunger,  548. 

Thoracic  duct,  191,  212. 

lymph  of,  208. 

Thorax,  construction  of,  329. 

Thrombosis,  251. 

Thymus  gland,  368. 

Thyroid  body,  367. 

cartilage,  487. 

Timbre  of  a  note,  600. 

Tissue  changes  in  starvation,  417. 

change,  products  of,  71. 

connective,  52. 

differentiation,  39. 

epithelial,  43. 

lymphoid,  195. 

mucous,  54. 

muscle,  50,  442. 
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Tissue  nerve,  46,  496. 

white  fibrous,  54. 

yellow  elastic,  56. 
Tissues,  classification  of,  43. 
Titillalion,  549. 
Tones,  600. 
Tongue,  550. 

taste  buds  of,  552. 
Torula  cerevisia,  90. 
Touch,  537. 

cells,  539. 

corpuscles  (Meissner*s),  538. 

general  sensation,  547. 

sense  of  locality,  541. 

sense  of  pressure,  543. 
Tradescantia  virginica,  82. 
Tricuspid  valve  of  the  heart,  259. 
Trigeminus  nerve,  525. 
Trochlear  nerve,  523. 
Trommer's  test,  146. 
Trypsin,  164,  186. 
Tubules  of  kidney,  392. 
Tubuli  seminiferi,  667. 
Tunica  adventitia,  283. 

intima,  285. 

granulosa,  669. 

media,  283. 
Tuning  forks,  599. 
Tympanum  of  ear,  603. 
Ty rosin,  76. 

in  pancreatic  digestion,  166. 


UMBILICAL  cord,  685. 
Unicellular  organism,  39. 
Unstriated    muscle,     contraction    of, 

475- 
Urachus,  681. 

Urea,  75,  400. 

artificial  preparation  of,  75. 

estimation  of,  402. 

source  of,  408. 
Ureters,  411. 
Uric  acid,  76. 

in  the  urine,  403. 
murexide  test  for,  76. 
Urinary  calculi,  407. 
Urine,  395. 

abnormal   constituents  in  the, 
406. 

acid  fermentation  of  the,  407. 

chemical  composition  of,  400. 

coloring  matter  of,  404. 


Urine,  inorganic  salts  in  the,  405. 

quantity  secreted,  396. 

retention  of,  412. 

secretion  of,  397. 

source  of  urea,  408. 

specific  gravity  of,  396. 
Urinary  excretion,  391. 

secretion,  nervous  mechanism 
of,  410. 
Urobilin,  404. 
Urochrome,  404. 
Uroerythrin,  405. 
Uterus,  666. 


WACUOLES,  34,  94. 
"      Vagus  nerve,  280,  530. 
Vagus,  stimulation  of,  280. 
Valentine's     method,     estimating 

amount  of  blood,  216. 
Valsalva's  experiment,  606. 
Valves  in  lymph  vessels,  213. 
of  heart,  262. 
of  veins,  287. 
of  the  heart,  action  of,  263. 
Valvulae  conniventes,  160,  182. 
Vasa  deferentia,  667. 
motor  centre,  641. 
motor  nerves,  317. 
Vascular  system,  development  of,  60, 

708. 
Vegetable  cells,  33. 
food,  107. 
Veins,  coats  of,  287. 

valves  of,  287. 
Velocity  of  the  blood  current,  313. 
Venae  advehentes,  714, 
Vena  cava,  259. 
porta,  374. 
Venous  system,  development  of,  718. 
Ventilation,  361. 
Ventricles  of  brain,  638. 
of  heart,  259. 
Vesiculs  seminalis,  667. 
Vessels,  lymphatic,  197. 
Vibration,  599. 
VilU,  183. 

lacteals  in,  199. 
Vision,  556. 

accommodation,  570. 
astigmatism,  574. 
binocular,  596. 
chromatic  aberration,  574. 
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Vision,  color  blindness,  594. 

color  perceptions,  591. 

complementary  colors,  592. 

conditions  affecting,  589. 
.    convergent  rays,  567. 

entoptic  images,  575. 

function  of  the  retina,  583. 

hyperraetropia,  573, 

irradiation,  589. 

judgment  of  distance,  597. 

judgment  of  size,  597. 

light  impressions,  582. 

mental  operations  in,  594. 

myopia,  572. 

negative  after  image,  589. 

ophthalmoscope,  578. 

positive  after  image,  589. 

presbyopia,  573. 

Purkinje's  figures,  587. 

refraction,  564. 

retinal  stimulation,  587. 

Scheiner*s  experiment,  568. 

spherical  aberration,  574. 
Vital  capacity,  342. 

characters  of  organisms,  82. 
phenomena,  26,  32. 
point,  344. 
Vitellin,  69. 

Vitelline  membrane,  670. 
Vitreous  humor,  560. 
Vocal  cords,  487. 
Voice  and  speech,  486. 

nervous  mechanism  of,  493. 
properties  of  the  human,  491. 
Voliiion,  634. 
Vomiting,  121. 
Vorticella,  42,  94. 


WALKING  and  running,  484. 
Warm-blooded  animals,  428. 
Waste  products  of  animal  body,  75. 
Water  HgO,  30,  79- 
Water  as  food,  1 08. 
Weber's  method,  estimating  amount 

of  blood,  215. 
Welcker's  method  estimating  amount 

of  blood,  216. 
Wharton's  duct,  134. 
White  blood  corpuscleg,  225. 
fibro  cartilage,  57. 
fibrous  tissue,  54. 
substance  of  Schwann,  498. 
Wolffian  bodies,  702. 


XANTHIN  in  the  urine,  403. 
Xanthoproteic  test,  67. 


YAWNING,  350. 
Yeast  plant,  77,  85,  90. 
Yellow  elastic  tissue,  56. 

spot,  587. 
Yolk  of  ^g,  670, 
sac,  678. 


ZONA  pellucida,  670. 
tendinosa,  260. 
Zymogen,  164. 
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embodiment  of  modern  ideas  neatly  strung  together,  with  an  amount 
of  careful  organization  well  suited  to  the  candidate,  and,  indeed,  to 
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Victor  von  Richter,  University  of  Breslau.  Au- 
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Mette. 
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M.D.,  F.R.CP.  Fourth  Edition.  Rewritten  and  Re- 
vised by  Dudley  W.  Buxton,  m.d.,  Asst.  to  the  Pit>f. 
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Cloth,  a.oo;  Interleaved  for  Notes,  a. 40 

Tidy.    Modern  Chemistry,    ad  Ed.  Qoth.  5.50 

Leffmann's  Compend  of  Chemistry.  Inorganic  and  Organic. 
Including  Urinary  Analsrsis  and  the  Sanitary  Examination  of 
Water.    New  Edition.    Qoth,  x. 00;  Interleaved  for  Notes,  i. as 

Miiter.  Practical  and  Analytical  Chemistry.  Second  Edi- 
tion.   Revised  and  Illustrated.  Cloth,  a.oo 

Holland.  The  Urine,  Common  Poisons,  and  Milk  Analysis, 
Chemical  and  Microscopical.  For  Laboratory  Use.  3d 
Edition,  Enlarged.    Illustrated.  Cloth,  x.oo 

Van  Niiys.    Urine  Analysis.    lUus.  Qoth,  a.oo 

Wolff *8  Applied  Medical  Chemistry.  By  Lawrence  WoUF, 
M.D.,  Dem.  of  Chemistry  in  Jefferson  Medical  College.  Clo. ,  x.oo 

CHILDREN. 

Qoodhart  and  Starr.  The  Diseases  of  Children.  Second 
Edition.  ByJ.  F.  Goodhart,  m.d..  Physician  to  the  Evelina 
Hospital  for  Children ;  Assistant  Physician  to  Guy's  Hospital. 
London.  Revised  and  Edited  by  Louis  Starr,  m.d.,  Qiniau 
Professor  of  Diseases  of  Children  in  the  Hospital  of  the  Univer- 
sity of  Pennsylvania;  Physician  to  the  Children's  Hospital, 
Philadelphia.  Containing  many  Prescriptions  and  Formulie, 
conforming  to  the  U.  S.  Pharmacopoeia,  Directions  for  making 
Artificial  Human  Milk,  for  the  Artificial  Digestion  of  Milk,  etc. 
Illustrated.  Qoth,  3.00;  Leather,  3.50 

Hatfield.  Diseases  of  Children.  By  M.  P.  Hatfield^  m.d.. 
Professor  of  Diseases  of  Children,  Chicago  Medical  College, 
lamo.  Cloth,  x.oo;  Interleaved,  1.35 

Day.  On  Children.  A  Practical  and  Systematic  Treatise. 
Siecond  Edition.    8vo.    753  pages.        Qoth,  3JO0;  Leather,  4.00 
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Ckildren.'-^CdHiinutd. 
Meigs  and  Pepper.    The    Diaeasee  of  Children.    Seventh 
Edition.    8vo.  Cloth,  5.00;  Leather,  6.00 

Starr.  Diseases  of  the  Digestive  Organs  in  Infancy  and 
Childhood.  With  chapters  on  the  Investigation  of  Disease, 
and  on  the  General  Management  of  Children.  By  Louis  Stanr, 
M.D.,  Qinical  Professor  of  Diseases  of  Children  in  the  Univer- 
sity of  Pennsylvania;  with  a  section  on  Feeding,  including  special 
Diet  Lists,  etc.    Illus.  Cloth,  9.50 

DENTISTRY. 

Fillebrown.    Operative  Dentistry.    330  Illus.         Cloth,  9.50 

Plagg's  Plastics  and  Plastic  Pilling.    3d  Ed.        Preparing, 

Qorgas.    Dental  Medicine.    A  Manual  of  Materia  Medics  sad 

Therapeutics.    Third  Edition.  Cloth,  3.50 

Harris.  Principles  and  Practice  of  Dentistry.    Including 

Anatomy,  Physiology,  Pathology,  Therapeutics,  Dental  Suigery 

and  Mechanism.    Twelfth  Edition.    Revised  and  enlarged  by 

Professor  Goigas.    ioa8  Illustrations.  Cloth,  7.00 ;  Leather,  B.oo 

Richardson's   Mechanical   Dentistry.     Fifth  Edition.     569 

Illustrations.    8vo.  Cloth,  4.50;  Leather,  5.50 

8tocken*s  Dental  Materia  Medica.  Third  Edition.  Cloth,  a.50 

Taft's  Operative  Dentistiy.   Dental  Students  and  Practitioneri. 

Fourth  Edition,    xoo  Illustrations.       Qoth,  4.25  ;  Leather,  5.00 

Talbot.     Irregularities  of  the  Teeth,  and  their  TreatmenL 

Illustrated.    8vo.  Qoth,  1.50 

Tomes'  Dental  Anatomy.    Third  Ed.     191  Illus.     Cloth,  4.00 

Tomes*  Dental  Surgery.     3d  Edition.     Revised.     999  lUus. 

778  Pages.  Qoth,  5.00 

DICTIONARIES. 

Gould's  New  Medical  Dictionary.  Containing  the  Definition 
and  Pronunciation  of  all  words  in  Medicine,  with  many  useful 
Tables  etc.  %  Dark  Leather,  3.25 ;  %  Mor.,  Thumb  Index  4.15 
St€  Uistpitge. 

Cleaveland's  Pocket  Medical  Lexicon.  3tst  Edition.  Giving 
correct  Pronunciation  and  Definition.    Very  small  pocket  size. 

Qoth,  red  edges  .75 ;  pocket-book  style,  x.oo 

Longley 's  Pocket  Dictlonaiy .  The  Student's  Medical  Lexicon, 
giving  Definition  and  Pronunciation  of  all  Terms  used  in  Medi> 
cine,  with  an  Appendix  giving  Poisons  and  Their  Antidotes, 
Abbreviations  used  in  Prescriptions,  Metric  Scale  of  Doses,  etc. 
94mo.  Cloth,  x.oo:  pocket-book  style,  1.95 
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EYE. 

Arlt.  Diseaaes  of  the  Eye.  Including  those  of  the  Conjunc- 
tiva, Cornea,  Sderotic,  Iris  and  Ciliary  Body.  By  Prof.  Von 
Arlt.  Translated  hy  Dr.  Lyman  Ware.   Illui.  8vo.    Qoth,  9.50 

Hartridge  on  Refraction.    4th  Ed.  Cloth,  9.00 

Meyer.  Diseases  of  the  Eye.  A  complete  Manual  for  Stu- 
dents  and  Physicians.  970  Illustrations  and  two  Colored  Plates. 
8vo.  Qoth,  4.50;  Leather,  5.50 

Pox  and  Oould.  Compend  of  Diseases  of  the  Eye  and 
Refraction.    9d  Ed.    Enlarged.    71  IIlus.    99  Formube. 

Cloth,  1. 00;  Interleaved  for  Notes,  z.95 

ELECTRICITY. 

Mason's  Compend  of  Medical  and  Surgical  Electricity.. 

With  numerous  Illustrations,    xamo.  Cloth,  z.oo 

HYGIENE. 

Parkes'  (Ed.  A.)  Practical  Hygiene.  Seventh  Edition,  en- 
larged.    Illustrated.    8vo.  Cloth,  4.50 

Parkes*  (L.  C.)  Manual  of  Hygiene  and  Public  Health, 
ismo.  Cloth,  9.50 

Wilson's  Handbook  of  Hygiene  and  Sanitary  Science. 
Sixth  Edition.    Revised  and  Illustrated.  Cloth,  9.75 

MATERIA  MEDICA  AND  THERAPEUTICS. 

Potter's  Compend  of  Materia  Medica,  Therapeutics  and 
Prescription  Writing.    Fifth  Edition,  revised  and  improved. 

Qoth,  X.00;  Interleaved  for  Notes,  1.95 

Biddle's  Materia  Medica.  Eleventh  Edition.  By  the  late 
John  B.  Biddle,  m.d.,  Professor  of  Materia  Medica  in  Jeffenon 
Medical  College,  Philadelphia.  Revised,  and  rewritten,  by 
Clement  Biddle,  m.d.,  Assist.  Surgeon,  U.  S.  N.,  assisted  by 
Henry  Morris,  M.D.    8 vo., illustrated.  Qoth,  4.95;  Leather,  5.00 

Headland's  Action  of  Medicines.    9th  Ed.    8vo.     Qoth,  3.00 

Potter.  Materia  Medica,  Pharmacy  and  Therapeutics. 
Including  Action  of  Medicines,  Special  Therapeutics,  Phanna- 
cology,  etc.    Second  Edition.  Qoth,  4.00 ;  Leather,  5.00 

Starr,  AValker  and  Powell.  Synopsis  of  Physiological 
Action  of  Medicines,  based  upon  Prof.  H.  C  Wood's  "  Materia 
Medica  and  Therapeutics."    3d  Ed.    Enlarged.  Cloth,  .75 

Waring.  Therapeutics.  With  an  Index  of  Diseases  and 
Remedies.    4th  Edition.    Revised.      Qoth,  3.00;  Leather,  3.50 
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MEDICAL  JURISPRUDENCE. 
Reese.    A  Text-book  of  Medical  Jurisprudence  and  Tozi- 
oology.    By  John  J.  Reese^  m.d..  Professor  of  Medical  Juris- 

trudence  and  Toxicology  in  the  Medical  Department  of  the 
fntverstty  of  Pennsylvania;  President  of  the  Medical  Juris* 
prudence  Society  of  Philadelphia;  Physidaa  to  St.  Joseph's 
Hospital ;  Corresponding  Member  of  The  New  York  Medico- 
legal Society,    ad  Edition.  Cloth,  3.00 ;  Leather,  3.50 

Woodman  and  Tidy*s  Medical  Jurisprudence  and  Tozi- 
cology .   Chromo-Lithographlc  Plates  and  x x6  Wood  engrariags. 

Cloth,  7.50 ;  Leather,  8.50 

OBSTETRICS  AND  GYNECOLOGY. 

Byford.  Diacases  of  Women.  The  Practice  of  Medicine  and 
Surgery,  as  applied  to  the  Diseases  and  Accidents  Incident  to 
Women.  By  W.  H.  Byford,  A.M.,if.D.,  Professor  of  Gynaecology 
in  Rush  Medical  CoUwe  and  of  Obstetrics  in  the  Woman's  Mecl- 
ical  College,  etc,  ano  Henry  T.  Byford,  m.d..  Surgeon  to  the 
Woman's  Hospiul  of  Chicago ;  Gynaecologist  to  St.  Luke's 
Hospital,  etc.  Fourth  Edition.  Revised,  Rewritten  and  Ea- 
bilged.  \Vith  306  Illustrations,  over  too  of  which  are  original. 
Octavo.    83s  pages.  Cloth,  5.00 ;  Leather,  6x0 

Caseauz  and  Tarnier*8  Midwifery.  With  Appendix,  by 
Mund£.  The  Theory  and  Practice  of  Obstetrics ;  including  the 
Diseases  of  Pregnancy  and  Parturition,  Obstetrical  Operations, 
etc.  By  P.  Caxeaux.  Remodeled  and  rearranged,  with  revi- 
sions and  additions,  by  S.  Tamier,  m.d..  Professor  of  Obstetrics 
and  Diseases  of  Women  and  Children  in  the  Faculty  of  Medicine 
of  Paris.  Eighth  American,  from  the  Eighth  French  and  First 
Italian  Edition.  Edited  by  Robert  J.  Hess,  m.d.,  Physician  to 
the  Northern  Dispensary,  Philadelphia,  with  an  appendix  hy 
Paul  F.  Mund6,  m.d.,  Professor  of  Gvnaecology  at  the  N.  Y. 
Polyclinic.  Illustrated  by  Chromo- Lithographs,  Lithographs, 
and  other  Full-pase  Plates,  seven  of  which  are  beautiiully  colored, 
and  numerous  Wood  Engravings.  SttuUuit'  Ediiwn^  One 
Vol.,  8vo.  Cloth,  5.00;  Leather,  6dOO 

Lewers'  Dlseaaes  of  Women.  A  Practical  Text-Book.  139 
Illustrations.    Second  Edition.  Qoth,  3.50 

Parvin*8  Winckel's  Diseases  of  Women.  Second  Edition. 
Including  a  Section  on  Diseases  of  the  Bladder  and  Urethra. 
150  Illustrations.    Revised.    S*€^agt9. 

Cloth,  3.00 ;  Leather,  3.50 

Morris.    Compend  of  Qyn«cology.    Illustrated.      In  Presto 

Winckel's  Obstetrics.  A  Text-book  on  Midwifery,  includ- 
ing the  Diseases  of  Childbed.  By  Dr.  F.  Winckef,  Professor 
of  Gynaecology,  and  Director  of  the  Royal  University  Clinic  for 
Women,  in  Munich.  Authorized  Translation,  by  J.  Clifton 
Edgar,  m.d.,  Lecturer  on  Obstetrics,  Universttv  Medical  Col- 
lege, New  York,  with  nearly  300  handsome  iUustrations,  the 
majority  of  which  are  original  with  this  work.    Octavo. 

Cloth,  6.00 ;  Leather,  7.00 

Landis*  Compend  of  Obstetrics.  Illustrated.  4th  edition, 
enlarged.  Cloth,  i.oo;  Interleaved  for  Notes,  x.as 
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0hst€tric4  and  Gynecology  :—Coniinm4d. 

Qalabin's  Midwifery.  By  A.  Lewis  Galabin,  m.d.,  f.r.c.p. 
say  lUustrations.    St*  page 3,  Qoth,  3.00;  Leather,  3.50 

Oliaan's  Modern  Midwifery.    2d  Edition.  Qoth,  3.00 

Rigby's  Obstetric  Memoranda.    4th  Edition.  Cloth,  .50 

Meadows*  Manual  of  Midwifery.  Including  the  Signs  and 
Symptoms  of  Pregnancy,  Obstetric  Operations,  Diseases  of  the 
Puerperal  State,  etc.    145  Illustrations.    494  pages.    Cloth,  a.oo 

Swayne's  Obstetric  Aphorisms.  For  the  tise  of  Students 
commencing  Midwifery  Practice.    8th  Ed.    xamo.      Cloth,  x. 95 

PATHOLOGY.    HISTOLOGY.    BIOLOGY. 

Bowrlby.  Surgical  Pathology  and  Morbid  Anatomy,  for 
Students.    135  Illustrations,    xamo.  Qoth,  a.oo 

Davis'  Elementary  Biology.    Illustrated.  Qoth,  4.00 

Qilliam's  Essentials  of  Pathology.  A  Handbook  for  Studenu. 
47  Illustrations,    xamo.  Qoth,  a.oo 

%*  The  object  of  this  book  is  to  unfold  to  the  beginner  the  lunda-> 
mentals  of  pathology  in  a  plain,  practical  way,  and  by  bringing 
them  within  easy  comprehension  to  increase  his  interest  in  the  study 
of  the  subject. 

Qibbes'  Practical  Histology  and  Pathology.  Third  Edition. 
Enlarged,    xamo.  Qoth,  x.75 

Virchow*s  Post-Mortem  Examinations,    ad  Ed.   Qoth,  x.oo 

PHYSIOLOGY. 

Yeo*s  Physiology.  Fourth  Edition.  The  most  Popular  Stu- 
dents' Book,  vy  Gerald  F.  Yeo,  m.d.,  fji.c.s..  Professor  of 
Physiology  in  King's  College,  London.     Small  Octaro.     758 

Skges.      3ax    carefully   printed    Illustrations.       With    a   Full 
lossary  and  Index.    Sto  Pagt  3,         Qoth,  3.00;  Leather,  3.50 

Brubaker's  Compend  of  Phsrslology.  Illustrated.  Fifth 
Edition.  Cloth,  x.oo;   Interleaved  for  Notes,  x.as 

Stirling.  Practical  Physiology,  including  Chemical  and  Ex- 
perimental Physiology.    143  Illustrations.  Cloth,  a.as 

Kirke*s  Phsrsiology.  New  xath  Ed.  Thoroughly  Revised  and 
Enlarged.    50a  Illustrations.  Qoth,  4.00;  Leather,  5.00 

Landols'  Human  Physiology.  Including  Histology  and  Micro- 
scopical Anatomy,  and  with  special  reference  to  Practical  Medi- 
cine. Third  Edition.  Translated  and  Edited  by  Prof.  Stirling. 
69a  lUustradons.  Qoth,  6.50;  Leather,  7.50 

"  With  this  Text-book  at  his  command,  no  student  could  fell  in 
his  examiiution." — Lancet, 

Sanderson's  Physiological  Laboratory.  Being  Practical  Ex- 
ercises for  the  Student.    350  Illustrations.    8vo.         Qoth,  5.00 

Tyson's  Cell  Doctrine.  Its  History  and  Present  Sute.  Illus- 
trated.   Seeond  Edition.  Cloth,  a.oo 
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PRACTICE. 

Taylor.  Practice  of  Medicine.  A  Mamial.  By  Frederick 
Taylor,  m.d.«  Physician  to^  and  Lecturer  on  Medidne  at,  Guy's 
Hospital,  London ;  Physician  to  Evelina  Hospital  for  Sick  Chil- 
dren, and  Examiner  in  Materia  Medica  and  Pharmaceutical 
Chemistry,  University  of  London.  Qoth,  4.00 

Roberts'  Practice.  New  Revised  Edition.  A  Handbook 
of  the  Theory  and  Practice  of  Medicine.  By  Frederick  T. 
Roberts,  m.d.  ;  icr.c.p.,  Professor  of  Qinical  Medicine  and 
Therapeutics  in  University  College  Hospital,  London.  Seventh 
Edition.    Octavo.  Cloth,  5.50 ;  Sheep,  6.50 

Haghes.  Compend  of  the  Practice  of  Medicine.  4th  Edi- 
tion.    Two  parts,  each,  Cloth,  x.oo;  Interleaved  for  Notes,  x.35 

Part  x.— Continued,  Eruptive  and  Periodical  Fevers,  Diseases 
of  the  Stomach,  Intestines,  Peritoneum,  Biliary  Passages,  Liver, 
Kidneys,  etc.,  and  General  Diseases,  etc. 

Part  zz. — Diseases  of  the  Respiratory  System,  Circulatory 
System  and  Nervous  System ;  Diseases  of  the  Blood,  etc. 

Physician's  Edition.    Fourth  Edition.    Including  a  Section 
on  Skin  Diseases.  With  Index.    >  voL  Full  Morocco,  GUt,  a. 50 

Tanner's  Index  of  Diseases,  and  Their  Treatment.   Cloth,  3.00 

PRESCRIPTION  BOOKS. 

Wythe's  Dose  and  Symptom  Book.  Containing  the  D(»es 
and  Uses  of  all  the  principal  Articles  of  the  Materia  Medica,  etc. 
Seventeenth  Edition.  Completely  Revised  and  Rewritten.  Jutt 
Ready.    3amo.  Cloth,  x.oo;  Pocket-book  style,  z. 85 

Pereira's  Physician's  Prescription  Book.  Containing  Lists 
of  Terms,  Phrases,  Contractions  and  Abbreviations  used  in 
Prescriptions  Explanatory  Notes.  Grammatical  Construction  of 
Prescriptions,  etc.,  etc.  By  Professor  Jonathan  Pereira,  m.d. 
Sixteenth  Edition.    33mo.    Cloth,  x.oo;  Pocket-book  style,  x. as 

PHARMACY. 

Stewart'a  Conapend  of  Pharmacy.  Based  upon  Remington's 
Text-Book  of  Pharmacy.    Second  Edition.  Revised. 

Cloth,  z.oo ;  Interleaved  for  Notes,  x.as 

SKIN  DISEASES. 

Anderson,  (McCall)  Skin  Diseases.  A  complete  Text-Book, 
with  Colored  Plates  and  numerous  Wood  Engravings,  8vo. 
Ju*t  Ready.  Qoth,  4.50 ;  Learner,  5.50 

Van  Harlingen  on  Skin  Diseases.  A  Handbook  of  the  Dis- 
eases of  the  Skin,  their  Diagnosis  and  Treatment  (arranged  alpha- 
betically). By  Arthur  Van  Harlingen,  m.d.,  Cliniou  Lecturer 
on  Dermatology,  Jefferson  MedicarCoUege ;  Prof,  of  Diseases  of 
the  Skin  in  the  Philadelphia  Polyclinic,  ad  Edition.  Enlarged. 
With  colored  and  other  plates  and  illustrations,  xamo.  Cloth,  9.50 

Bulkley.  The  Skin  in  Health  and  Disease.  By  L.  Duncan 
Bulkley,  Physician  to  the  N.  Y.  Hospiul.    Ilius.         Cloth,  .50 
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SURGERY. 

Caird  and  Cathcart.  Surgical  Handbook  for  the  use  of 
Practitioners  and  Students.  By  F.  Mitchbll  Caikd,  m  b., 
p.R.c.s.,and  C.  Walkbr  Cathcart,  m.d.,  f.r.c.s.,  Asst.  Sur- 

feons  Royal  Infirmary.   With  over  aoo  Illustrations.    400  pages, 
'•cket  fcize.  Leather  covers,  a.  50 

Jacobson.  Operations  in  Surgery.  A  Systematic  Handbook 
for  Physicians,  Students  and  Hospital  Surgeons.  By  W.  H.  A. 
Jacobson,  a. a.,  Oxon.  p.k.c.s.  Eng.;  Ass't  Surgeon  Guy's  Hos- 
pital :  Surgeon  at  Royal  Hospital  for  Children  and  Women,  etc. 
199  Illustrations.    xoo6  pages.    8vo.     Cloth.  5.00 ;  Leather,  6.00 

Heath*a  Minor  Surgery,  and  Bandaeing.  Ninth  Edition.  X4ar 
lUustiations.    60  Formulae  and  Diet  Lists.  Cloth,  9.00 

Horwrits's  Compend  of  Surgery,  including  Minor  Surgery, 
Amputations,  Fractures,  Dislocations, Surgical  Diseases,  and  the 
Latest  Antiseptic  Rules,  etc.,  with  Differential  Diagnosis  and 
Treatment.  By  Orvillk  HoKwrrz,  b.s.,  u.d.,  Demonstrator  of 
Surgery,  Jefferson  Medical  CoUq^e.  3d  edition.  Enlarged  and 
Rearranged.    91   Illustrations  and  77  Formulae,    zamo. 

Cloth,  X.00;  Interleaved  for  the  addition  of  Notes,  z.35 

Walsham.    Manual  of  Practical  Surgery.    For  Students  and 
Physicians.    By  Wm.  J.  Walsmam,  h.d.,  f.rc.s.,  Asst.  Surg, 
to,  and  Dem.  of  Practical  Surg,  in,  St.  Bartholomew's  Hospital, 
Surgeon  to  Metropolitan  Fne   Hospital,   London.      With  336 
Engravings.    Se*  Pag-e  a.  Cloth,  3.cx> ;  Leather,  3.50 

URINE,  URINARY  ORGANS,  ETC. 
Aeton.     The  Reproductive  Organs.     In  Childhood.  Youth, 
Adult  Life  and  Old  Age.    Seventn  Edition.  Cloth,  2.00 

B«ale.  Urinary  and  Renal  Diseases  and  Calculous  Disorden. 
Hints  on  Diagnosis  and  Treatment,    xamo.  Cloth,  1.75 

Holland.  The  Urine,  and  Common  Poisons  and  The 
Milk.  Chemical  and  Microscopical,  for  Laboratory  Use.  Illus- 
trated.   Third  Edition,    lamo.     Interleaved.  Cloth,  i. 00 

Ralfe.    Kidney  Diseases  and  Urinary  Derangements.    43  lUus- 

tratiotis.     zamo.    57a  pages.  Qoth,  a.75 

Legg.    On  the  Urine.    A  Practical  Guide.    6th  Ed.    Cloth,  .75 

Marshall  and  Smith.  On  the  Urine.  The  Chemical  Analysis  of 
the  Urine.  By  John  Marshall,  m.d..  Chemical  Laboratory,  Univ. 
of  Penna;  and  Prof.  £.  F.  Smith,  ph.d.  Col.  Plates.  Cloth,  z.oo 

Thompson.  Diseases  of  the  Urinary  Organs.  Eighth 
London  Edition.    Illustrated.  Cloth,  3.50 

Tyson.  On  the  Urine.  A  Practical  Guide  to  the  Examination 
of  Urine.  With  Colored  Plates  and  Wood  Engravings.  6th  Ed. 
Enlarged,    zamo.  Cloth,  z.50 

Bright's  Disease  and  Diabetes.    Illus.         Cloth,  3.50 

Van  NOys,  Urine  Analysis.    Illus.  Cloth,  a. 00 

VENEREAL  DISEASES. 
Hill  and  Cooper.    Student's  Manual  of  Venereal  Diseases, 
with  Formulae.    Fourth  Edition,    zamo.  Cloth,  z.oo 

Durkee.    On  Qonorrhcea  and  Ssrphilis.    Illus.      Cloth,  3.50 
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NEW  AND  REVISED  EDITIONS. 

PQUIZ-COMPENDS? 

The  Best  Compends  for  Students'  Use 
in  the  Quiz  Class,  and  when  Pre- 
paring for  Examinations. 

Compiled  m  accordance  wUh  the  IcUest  teachings  of  promi- 
nent lecturers  and  the  most  popular  Text-books, 

They  form  a  most  complete,  practical  and  exhaustiTe 
set  of  manuals,  containing  information  nowhere  else  col- 
lected in  such  a  condensed,  practical  shape.  Thoroughly 
np  to  the  times  in  every  respect,  containing  many  new 
prescriptions  and  formule,  and  oyer  two  hundred  and 
fifty  illustrations,  many  of  which  have  been  drawn  and 
engraved  specially  for  this  series.  The  authors  have  had 
large  experience  as  quiz-masters  and  attach^  of  coUeget, 
with  exceptional  opportunities  for  noting  the  most  recent 
advances  and  methods. 

Cloth,  each  $x.oo.    Interleaved  for  Notes,  $1.95. 

No.x.  HUMAN  ANATOMY,  "Based upon  Gray."  Fourth 
Edition,  including  Visceral  Anatomy,  formerly  published 
separately.  Over  xoo  Illnstrations.  By  Samusx.  O.  L. 
PoTTBR,  M.A.,  M.D..  late  A.  A.  Suiyeon  U.  S.  Army.  Profenor 
of  Practice,  Cooper  Medical  College,  San  Francisco. 

Nos.  2  and  ^  PRACTICE  OP  MEDICINE.  Fourth  Edi- 
tion. B^  Danibl  E.  Hughbs,  m.d..  Demonstrator  of  Clinical 
Medicine  in  Jeffenon  Medical  College,  Fhiladelphia.  In  two  parts. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases 
of  the  Stomach,  IntesUnes,  Peritoneum.  Biliary  Passages,  Liver, 
Kidneys,  etc.  (including  Tests  for  Urine),  General  Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System  (including  Phj- 
sical  Diagnosis),  Circulatory  System  and  Nervous  System;  Dis- 
eases of  the  Blood,  etc. 

%*  These  little  books  can  be  regarded  as  a  full  set  of  notes  upon 
the  Practice  of  Medicine,  contaming  the  Synonyms,  Definitions, 
Causes,  Symptoms.  Prognosis.  Diagnosis,  Treatment,  etc.,  of  eadi 
disease,  and  incluaing  a  number  of  prescriptions  hidierto  unpul^ 
Hshed. 

No.  4.  PHYSIOLOGY,  including  Embryology.  Fifth 
Edition.  By  Albert  P.  Brubakbr,  m.d..  Prof,  of  Pnysiology, 
Penn'a  CoIIese  of  Dental  Surgery ;  Demonstrator  of  Physiology 
in  Jefferson  Medical  College,  Philadelphia.  Revised,  Enlarged 
and  Illustrated. 

No.  5.  OBSTETRICS.  Illustrated.  Fourth  Edition.  By 
Hrnrt  G.  Lamdis,  H.D.,  Prof,  of  Obstetrics  and  Diseases  of 
Women,  in  Starling  Medical  College,  Columbus,  O.  Revised 
Edition.    New  Illustrations. 


